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MINERALS. 


RECENT ARRIVALS. 


ZEOLITES. From the recently discovered locality on the Columbia 
River, Oregon. Our collector was successful in obtaining for us what is 
considered to be the finest Sphaerostilbite yet found. It occurs with the 
Chabazite in lustrous, translucent balls which are grouped or scattered singly 
over the matrix in a very charming manner. 

Minute crystals of Chabazite coating compact balls of Thomsonite is another 
unique occurence. 

Chabazite Coating Stilbite Crystals. 

Microscopic Chabazite, mounted on the sides and ends of the needle-like 
Natrolite. A tuft of this Natrolite sprinkled over with these brilliant and 
dainty rhombohedrons makes a most beautiful microscopic mount. 

Chabazite, in splendid groups of white and colorless crystals. Isolated 
crystals, with sharp angles and perfect symmetry outlined on a background 
of yellow gangue. The gem-like perfection of some of these specimens 
resembles that of the Cyclopean Islands Analcites. 

Stilbite in beautiful groups of crystals. 

Harmotome, Heulandite, Apophyllite, Etc. 

Prices on all the above species are as low or lower than those on Zeolites 
from any of the older localities and there are among them certain types 
which are entirely new. 

Very beautiful specimens for drawer or case, 50c. to $2.50. Choice small 
specimens, 5c. to 3dc. 

RUTILATED QUARTZ FROM NEW ZEALAND. A number of 
specimens, pronounced to be the finest quality in the world, have been 
received. Masses of clear Rock Crystal three to five inches in diameter, 
showing in their depths the slender golden red crystals of Rutile. They 
make by far the handsomest polished specimens of this gem mineral that 
have yet been seen. 

The locality is new and very little of the material has been placed on the 
market. Prices 3.00 to 15.00 for choicest specimens. 

Semi-opal from a new locality in Washington. Translucent, olive green 
masses, mottled with red. Also brick-red and other shades. Specimens are 
of great beauty when polished, as their hardness and clear quality give a 
high natural lustre even on broken surfaces. 5c. to $1.00. 


RARE AND VALUABLE BOOKS. 


The largest stock in America, embracing all branches of Medicine and 
the Natural Sciences. Send for catalogues, mentioning subject of interest 
to you. 

Cavendish Society Publications: 

Gmelin, Handbook of Chemistry. 19 vols. $25.00. 

Bischof, Chemical and Physical Geology. 3 vols. $12.50. 
Lehmann, Physiological Chemistry. 3 vols. and atlas. $8.00. 
Wilson, Life of Cavendish. $2.50. 

Henry, Life of Dalton. 32.50. 

Laurent, Chemical Method. $1.00. 

Conn. Board of Agriculture Reports. 23 vols. $12.50. 

Brown, Trees of America. 36.00. 

Smith, British Diatomaceae. 2 vols., 277 pp. 69 pl. 1858-56. 310.00. 

Quarterly Journal of Microscopical Science. 18 vols. h. mor, 1853-70 


$50.00. 
Dr. A. E. FOOTE, 
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Erratum for the June number. 


Attention is called to a serious error in the June number, 
which escaped notice in reading proofs. 


On page 475 in the title of the 3d article, Illinois is twice mis- 
used in place of Missouri. It should read Geological Survey of 
Missouri, vol. iv, Paleontology of Missouri, ete. Also in the 
Index, p. 487, under Geological Reports and Surveys, the third 
entry should be Missouri, not Illinois; and on p. 489, the first 
_ should read, Keyes, C. R., Paleontology of Missouri, not 

llinois. 
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AMERICAN JOURNAL OF SCIENCE 


[THIRD SERIES.] 


Art. I.—On the Correlation of New York Moraines with 
Raised Beaches of Lake Erie ; by FRANK LEVERETT. 


ABovt three years since the writer discussed the relation of 
certain moraines of northern Ohio to the raised beaches of the 
western portion of the Erie basin.* The fact that the several 
raised beaches terminate in a successive series from higher to 
lower in passing eastward from northern Ohio to southwestern 
New York, had previously been determined by Mr. G. K. Gil- 
bert, and had suggested to him the hypothesis of ice occupancy 
eastward from the termini of the beaches. In that paper it 
was shown that a study of the moraines supports the hypoth- 
esis. The position of the moraines on the south border of the 
Lake Erie basin and their relation to beach lines which termi- 
nate in northern Ohio is such as to indicate that the eastern 
portion of the Lake Erie basin was still cconpied by the ice 
sheet while the western portion was occupied by the lake which 
formed these beaches. At the time that paper was prepared 
the glacial features of western New York (where Mr. Gilbert 
had discovered that two lower beaches terminate) had not 
received attention, and it was not until the autumn of 1893 
that opportunity was afforded to examine these features. The 
examination of these features was not premeditated, otherwise 
it would have been more thorough and would have been pre- 
ceded by a fuller of Mr. Gilbert’s results. It 
was taken up in connection with a study of the moraines bor- 


dering the re-entrant angle in the glacial boundary in south- 
western New York. When that study was entered upon it 
was planned to examine only the southern border of the 
* This Journal, April, 1892, pp. 281-301. 
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glaciated district, but the morainic complications are such that 
it was found necessary to work northward nearly to the border 
of the old lake. After the completion of the main line of 
investigation a few days were spent in the study of the features 
in the vicinity of the termini of the beaches, but the approach 
of winter prevented its satisfactory completion. The phenom- 
ena prove to be complicated and in some ways obscure, but it 
is thought that fuller study of certain features may clear up the 
difficulties. It will be observed that an untouched field remains 
at the eastern terminus of the upper (Sheridan) beach, a field 
which is likely to yield definite results when given proper 
attention. This and other defects do not leave in doubt the 
main question of the correlation of the beaches with the mo- 
raines. That the beaches are absent because of the presence of 
the ice-sheet at that time, in the region to the east of their 
eastern termini, is made clear by the position of the moraines 
and their features near the termini of the beaches. Inasmuch 
as opportunity for completing the study is not at present open, 
it seems advisable to set forth the situation so far as now 
understood. 

Mr. Gilbert spent considerable time, in 1886, in the study of 
the beaches here discussed. He has delayed publication in the 
hope of having opportunity to round out the subject. But as 
there is no immediate prospect for doing so, he has kindly fur- 
nished from his unpublished notes some of the data here pre- 
sented. I wish also to acknowledge indebtedness to Mr. Gil- 
bert for a careful revision of this paper, as well as for guidance 
in field observations. 

A word seems necessary concerning the introduction of 
names for the beaches here discussed. They are the names 
chosen by Mr. Gilbert about the time he made the study 
referred to and are the names of towns situated on the beaches. 
It seems probable that the Sheridan beach constitutes the con- 
tinuation of the Belmore, but until this matter is fully settled 
it is considered advisable to use a separate name. The Critten- 
den beach is perhaps the same beach which, on the Canadian 
shore, Dr. Spencer has called the Forest,* but as yet these 
observers have not made sufficiently close connection to render 
the correlation entirely certain. It seems best, therefore, for 
the present to employ both names. 

The Sheridan Beach.—The upper of the two raised beaches 
which border the Lake Erie basin eastward from Cleveland has 
been traced by Mr. Gilbert to Sheridan, New York, a village 
abont 30 miles southwest from Buffalo. (See Map, Fig. 1.) 
It is thought by him that the beach may extend to the vicinity 
of Hamburg, immediately south from Buffalo, but he expresses 


* This Journal, vol. xli, 1891, pp. 203-204. 
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uncertainty concerning the portion east from Sheridan, owing 
to the fact that the ground has been but partially examined, 
and also because the beach phenomena are in places somewhat 
obscure. From Hamburg eastward the absence of this beach 
is a matter of concurrent observation by Mr. Gilbert and the 
writer. 
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Fig. 1.—Map OF WESTERN NEW YORK, BY FRANK LEVERETT. 

Explanation of Map.—The shaded portions represent moraines. Their map- 
ping is incomplete east from the Genesee valley and interrogation points there 
mark the lines of continuation. The glacial boundary, indicated by a series of 
broken lines and dots, here reaches its most northern point between the Atlantic 
Ocean and the great plains west of the Missouri river. Strize are represented by 
arrows. The raised beaches are indicated by continuous lines. A series of 
broken lines are introduced, in the district between Sheridan and Hamburg, 
where it is thought that the Sheridan beach may have a continuation. Drumlins 
are represented by elongated ovals, which indicate their trend. Eskers are repre- 
sented by straight lines which also indicate their trend. These should be distin- 
guished from strize by the absence of an arrow head. They are numerous in the 
vicinity of the bend of Oak Orchard creek in southwestern Orleans county, as 
indicated in the text. 


From Sheridan, New York, westward to Cleveland, Ohio, 
the Sheridan beach lies but a short distance south from the 
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present shore of Lake Erie and may be seen at numerous points 
from the railway lines which follow the lake shore from Buf- 
falo to Cleveland, as may also a lower beach (the Crittenden). 
Westward from Cleveland its identification is not made entirely 
certain. At the time of the preparation of the paper on the 
correlation of moraines with the beaches of the western part of 
the Lake Erie basin, it was the writer’s opinion that the Leipsic 
and Belmore beaches, which had been traced eastward to the 
Cuyahoga valley, each connected with a correlative moraine in 
the vicinity of that valley. Nothing has been found to com- 
pletely set aside this view, but upon further reflection an alter- 
native view has presented itself, viz: that the upper, or Leipsic, 
beach may be the correlative of both the moraines and that the 
Belmore beach may find its eastward continuation in what is 
here called the Sheridan beach. I take occasion, therefore, at 
this point, to set forth the situation more fully than was done 
in the earlier paper. In my former paper the statement is 
made (p. 298) that I have learned through correspondence with 
Mr. Gilbert that neither the Leipsic nor Belmore beaches con- 
tinue east from Cleveland. We have since that time conferred 
more fully on this matter and find that his data do not seriously 
conflict with this alternative view, as will appear in the table 
of altitudes of the Sheridan beach given below. 

For a few miles east from the mouth of the Cuyahoga it is 
difficult to identify the upper beach, there being a bluff-like 
rocky escarpment along the south shore of Lake Erie thinly 
clad with drift and rising to a considerable height above that 
of the beaches. On this escarpment several shelves appear. 
These shelves are of varying width from a few feet up to 80 
rods or more. They are probably due to a combination of 
agencies embracing differential degradation in preglacial time, 
moulding by the ice-sheet, and wave action. The extent and 
influence of wave action was not fully and satisfactorily worked 
out. It is certain, however, that but a small portion of the 
cutting can be due to wave action, some of the shelves being 
much too broad to be formed by this agency alone in the not 
lengthy interval necessary to the formation of the beach. <A 
few miles east from Cleveland the slope of the escarpment 
becomes less abrupt, and drift deposits of considerable depth 
oceur, upon which the waves have left distinct traces. 

In the southwest part of Cleveland the Belmore beach stands 
about 170 feet above the lake. Passing east to the nearest 
point where the beaches are well developed, a short distance 
east from the city limits of Cleveland, we find that the upper- 
most beach (which is here called the Sheridan) stands only 
about 160 feet above the lake. Above this level the topog- 
raphy is morainic, and so far as the writer could detect it pre- 
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sents no indications of wave action. The ice-sheet seems, 
therefore, to have been present here while the lake, west from 
Cleveland, was standing at the level of the Leipsic beach 
(about 200 feet above Lake Erie). We refer to our earlier 
paper for descriptions of the two moraines whose western 
termini are found to be near Cleveland. The replacement of 
beach phenomena by morainie, in passing to the east of Cleve- 
land, is a matter concerning which we express no doubt. The 
question is whether both the beaches are thus replaced, or only 
the upper one. Since continuous tracing is difficult, this may 
perhaps best be determined by a comparison of beaches in the 
two districts. In the district east from the city of Cleveland 
only two strong and well defined beaches appear above the 
present shore. One of these, the Crittenden, may be traced 
continuously through Cleveland and westward past the point 
where the beaches west of the Cuyahoga set in. There is no 
question as to its identification. We have, therefore, only to 
decide upon an equivalent for the Sheridan beach west from 
the Cuyahoga. By reference to the map of raised beaches 
west from Cleveland, prepared by Prof. A. A. Wright,* and 
the accompanying discussion by Dr. Newberry, it will be seen 
that there are but two important beaches above the Crittenden, 
one the “South Ridge,” standing about 200 feet above the 
lake, the other the “ Middle Ridge,” standing about 155 feet 
above the lake throughout much of its course from the Ver- 
milion to Rocky river (the range being from 148 to 162 feet), 
but standing a few feet higher for a few miles between Rocky 
river and the Cuyahoga. There is also a local and inferior line 
appearing at an altitude of 135 feet above Lake Erie for a few 
miles in the Cuyahoga embayment. The upper beach or 
“South Ridge” is entirely too high to be connected with the 
Sheridan beach. But were the altitude of the portion of the 
“ Middle Ridge” between Rocky and Cuyahoga rivers as low 
as the portion west from Rocky river, the entire “ Middle 
Ridge” system would be in excellent harmony with the Sheri- 
dan beach. The writer examined this portion of the beach in 
the spring of 1893, in company with Prof. H. P. Cushing, of 
Adelbert College. Our barometric determinations show the 
ridge to be slightly higher at the crossing of the C.C. C. & St. 
L. railway than farther west. This point by railway survey is 
only 170 feet above Lake Erie instead of 178 feet, as given on 
the map. We conclude that the map contains a slight inae- 
curacy and that this portion of the beach is, therefore, more 
nearly in harmony with the remainder of the “ Middle Ridge” 
and also with the Sheridan beach than the altitudes there pub- 
lished would indicate. The variation from the normal height 


* Geol. of Ohio, vol. ii, pp. 58, 59. 
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may not exceed 10 feet. The inner slope of the beach in this 
highest portion extends down to about as low a level as thie 
portions to the east and west. This fact, together with the 
fact that neither the beach above this one nor the beach below 
it show unusual height in this portion of their course, leads to 
the conclusion that the unusual height is not due to crust warp- 
ing. .\ possible cause is discussed below. 

Another point in favor of the correlation of the Belmore 
beach or “ Middle Ridge ” with the Sheridan beach is its simi- 
larity in strength. Were the Sheridan beach much weaker 
than the Belmore there would be doubt as to its being the full 
correlative, even though it has the same altitude, but no essen- 
tial difference in strength could be detected. 

The beaches have not yet all been traced through into con- 
nection with those at the western end of the Lake Erie basin. 
Mr. Gilbert’s studies at the western end of Lake Erie bring 
out a similar series there to that found by Prof. Wright west 
from Cleveland except that there is a still higher beach present 
west from Findlay, Ohio. There is but one beach between the 
Belmore or * Middle Ridge” and the present shore. This 
beach has an altitude in harmony with the Crittenden beach, 
and in all probability constitutes its continuation. Dr. J. W. 
Spencer considers the Ridgeway beach of Michigan a continua- 
tion of the Belmore beach or “ Middle Ridge.” If this identi- 
fication and that of the writer are correct, the Sheridan beach, 
* Middle Ridge,” “ Belmore beach” and * Ridgeway beach ” 
are but a single beach line. The several names should, per- 
haps, be retained until fuller identifications are made. 

According to our earlier view the lowering of the lake in the 
western part of the Erie basin from 200 feet above the present 
lake level down to 150-170 feet occurred before the later of 
the two moraines which terminate near Cleveland was formed. 
According to the later view it took place at about the time the 
ice-sheet receded from that moraine. The absence of notable 
wave action above the level of the Sheridan beach eastward 
from Cleveland indicates that the higher lake level was not 
held for a long period after the ice-sheet had begun to recede. 
The fact that the portion of the beach east from Cleveland is 
about as strong as that west, indicates that the lake had not 
dropped to the lower level much before the ice-sheet with- 
drew. 

A possible cause for the unusual height of the portion of the 
beach near Cleveland may be found in the attraction of the ice- 
sheet. Such a mass of ice would, no doubt, attract the water 
near its margin to an altitude slightly above the normal level 
of the lake. It remains to be determined whether the excess 
of altitude is too great to be due to. such an attraction or 
whether other causes may be found. 


| 
q 
q 
a 
q 
| 
y | 


Moraines with Raised Beaches of Lake Evie. 


None of the beaches west from the meridian of Cleveland 
show marked differential uplift, the height being only about 
20 feet greater at Cleveland than in the extreme western end 
of the basin. The following table embraces the data at hand 
which have a bearing upon “the crust warping in the eastern 
part of the basin along a line parallel with the south shore of 
the lake: 


Table Showing Altitude of Raised Beaches East from Cleveland. 


Distance, Sheridan 


Station. Miles, Beach. each, Remarks, 
Cleveland, Ohio... - 0 743 ft. 668-675 ft. Ridge, Numerous surveys. 
Euclid, Ohio 9 735 Terrace, Aneroid, 
Wickliffe, Ohio -._.- 14 742 ion Ridge, Aneroid (Gilbert). 
Wickliffe, Ohio -.--- 14 ‘hens 682 Locke level (Gilbert). 
Willoughby, Ohio... 19 735-740 675-680 Aneroid, 
Mentor, Ohio. 23 670 * Est. from railway, 
Painesville, Ohio.... 29 — 670 
Madison, Ohio..--.- 40 723 673 “ Geol. of Ohio. 
Unionville, Ohio.... 42 725-730 “ Est. from railway. 
Geneva, 45 730 675 
Kingsville, Ohio .-.. 60 775 (An.) 700 
Cross Station, Pa.... 78 765 “Railway survey. 
95 778 “City Engineer. 
Northeast, Pa. ...-- 110 790 ome Several beaches bet. 710 and 

790 ft, Locke level (Gilbert). 

Ripley, N. Y......=. 118 790 sass Est. from railway. 
Westfield, N. Y. ...- 120 835 725-750 Aneroid. 
Near Brocton, N. Y.. 128 ind 713? Ridge, Aneroid (Gilbert). ? 
Sheridan, N. Y...-.. 146 834 752-773 City Engineer. 
155 770 Ridge, Aneroid (Gilbert). 
North Collins, N. Y.. 160 — 792 Terrace, Aneroid (Gilbert). 
Hamburg, N. Y..--- 175 ee 790-815 Ridges, Aneroid. 
Near Hamburg, N. Y. 175 865 hit Terrace, Aneroid (Gilbert). 
Elma Center, N. Y... 190 sabes 820-828 Raiiway survey. 
200 864-870 Est. from railway. 
Crittenden, N. Y. _.. 204 she 848-860 Ridges, Locke level(Gilbert). 


It will be seen by the above table that the beaches have 
slightly lower altitude 40-45 miles east from Cleveland than in 
the vicinity of that city, though there is but little departure 
from horizontality throughout this distance. Further east there 
is marked eastward differential uplift. The data, it will be 
observed, are largely based upon careful levels, either by rail- 
way survey or city engineers. There can, therefore, be no 
mistake as to the uplift. The Locke level measurements are 
close approximations. The aneroid readings were carefully 
taken, but are liable to contain errors of considerable amount. 
The observations at Kingsville and Westfield need verification 
by careful leveling, as they seem to give the beach an altitude 
at these points inconsistent with the adjacent more refined 
determinations. 
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Probable Correlative Moraines of the Sheridan Beach.— 
There are two morainic lines in southwestern New York, the 
date of whose formation is thought to have been contempo- 
raneous with that of the Sheridan beach. The outer of these 
two morainic belts is well defined as far southwest as the Catta- 
raugus valley near Gowanda, about 15 miles east from Sheri- 
dan. Westward from Gowanda, along a line leading past 
Perrysburg, Nashville and Forestville, there is a bowlder belt 
which is now thought to mark the line of continuation of the 
ice margin. This has been traced westward only to the valley 
of Walnut creek near Forestville. At the time this bowlder 
belt was examined the well defined morainic belt leading north- 
east from Gowanda had not been observed, and it was supposed 
to be only an unusually bowldery inner border of the Dayton 
moraine, a moraine which lies immediately south of it. But 
upon examining the district east from Gowanda the well 
defined moraine alluded to was discovered and found to be 
distinct from the Dayton moraine and to be very thickly set 
with bowlders. These features suggested the possibility that 
the bowlder belt west from Gowanda should be distinctly 
separated from the Dayton moraine. With this suggestion 
arose the query whether the belt may not be a cor relative of 
the Sheridan beach. No opportunity came for revisiting the 
region and testing the value of these after thoughts by a care- 
ful study of the relations of the bowlder belts to the eastern 
terminus of the beach. It is certain that the bowlder belt does 
not continue with such strength beyond the valley of Canada- 
way creek unless it be inside (nor th of) the Sheridan beach, for 
the writer made a careful examination of the narrow district 
between the Dayton moraine and Sheridan beach for about 30 
miles westward from the creek valley, and at frequent inter- 
vals to the western terminus of that moraine 100 miles further 
west, near Cleveland, Ohio. In the 8-10 miles between Wal- 
nut creek and Canadaway creek, where we now suspect a con- 
nection between the moraine and beach to oceur, no observa- 
tions were made. 

The position of the moraine is indicated on the accompanying 
map. At its eastern end it connects with the northern part of 
the great interlobate belt which occupies the “ Watershed of 
Western New York.” The moraine, where well detined, has 
a breadth of 1-2 miles. The bowlder belt has about the same 
breadth. It is not a bulky moraine even where well defined, 
its usual relief being but 10-20 feet above the district south- 

east of it. A few knolls have a height of 30 feet, but the 
majority are 10-15 feet in height. They are, asa rule, closely 
aggregated and, together with the liberal supply of surface 
bowlders, they give a decidedly morainie cast to the belt and a 
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contrast to the nearly plane tracts on either side. Along the 
bowlder belt a few knolls and ridges 10-20 feet or more in 
height were noted, but the greater part of the surface is plane. 

On the inner (northw est) ‘border of the moraine and bowlder 
belt the drift is exceedingly thin as far east as the meridian of 

Buffalo and Hamburg and north to the shore of the lake. 
Over extensive areas there is scarcely enough material to con- 
ceal the rock and form a soil, and the average thickness prob- 
ably falls below 10 feet. Further east the drift is, on the 
whole, thicker, and a well defined moraine appears north from 
the one under discussion. 

The moraine referred to is the inner one of the two corre- 
lated with the Sheridan beach. It may be traced from Ham- 
burg eastward to the northern end of the great interlobate belt 
in Wyoming county, which it joins a few miles southeast of 
Alden, near the corners of Genesee, W yoming and Erie 
counties. Its course may be seen on the accompanying map. 
The continuation of the ice margin beyond Hamburg was 
probably northwestward, there being a more liberal supply of 
bowlders in that direction than in adjoining districts to the 
north or south. 

This moraine also is not a bulky one. Its breadth is seldom 
so much as two miles, and its relief but 20-30 feet. It carries 
fewer bowlders than the one outside of it, but its surface expres- 
sion is decidedly morainic. Some of its knolls are exceedingly 
sharp and there are frequently basins among them. Near thie 
western end,.one or two miles east from Hamburg, a few basins 
oceur on its inner border north from the Crittenden beach. 
Their depth is slight, but they no doubt have been filled greatly 
by the lake waves. The extreme western end of the moraine, 
for a mile or so east of the village of Hamburg, is a gently 
undulating till ridge standing but a few feet above the border- 
ing districts. 

There is need for further study to determine the exact rela- 
tions between the Sheridan beach and this moraine. In the 
district immediately southwest from the terminus of the 
moraine, where we should expect the beach to appear, the 
conditions are not favorable for a beach ridge to be formed, 
there being a_bluff-like escarpment of shale very thinly coated 
with drift. This escarpment rises in a series of steps or shelves 
to a height far above the level of the Sheridan beach. It is 
evident that these shelves are mainly due to other agencies 
than wave-action, and it becomes difficult under such “eondi- 
tions to decide how far wave action has extended. The pres- 
ence of water-worn or wave-washed material, or even of 
gravelly ridges resembling beaches, may not be satisfactory 
evidence of the lakes occupancy, for the ice sheet has carried 
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such material from low to high altitudes and occasionally, 
where water was abundant, has formed deposits which closely 
resemble beaches. Such deposits are, however, rare in this 
district. Mr. Gilbert has noted places south of Hamburg 
which seemed to show wave action at about the level of the 
Sheridan beach, but the action was so obscure that he enter- 
tains only a suspicion not a conviction. In case Mr. Gilbert’s 
suspicions are contirmed, the connection with the western end 
of the moraine may be very close. 

The Crittenden Beach.—The Crittenden beach was studied 
in detail by the writer only from Hamburg eastward. For 
this reason, and beeause its eastern terminus is a matter of 
especial interest, the discussion is confined mainly to that part 
of the beach. The course of the beach is quite definitely 
known from Cleveland eastward, being nearly parallel to, and 
but a short distance from the present shore of the lake. The 
portion eastward from Hamburg extends beyond the present 
shore, but the extreme eastern terminus is not more than 30 
miles distant from the lake. Westward from Cleveland it is 
found within 30 miles from the lake throughout its course in 
Ohio. 

This beach is not confined to a simple ridge but consists of a 
system of ridges closely associated. The vertical range, at 

some points between the highest and lowest members of the 
system, is about 30 feet, and a range of 20 feet iscommon. In 
his discussion of the portion at the western end of Lake Erie, 

Mr. Gilbert notes a range of 25-30 feet, the highest members, 
or upper limit of deposits being 90, and the lowest 60-65 feet 
above the present lake level.* In his discussion of the por- 
tion near Cleveland Dr. Newberry notes a similar range, the 
highest point being 118 feet and the lowest 95 feet above the 
lake.+ In the eastern part there is a range of at least 25 feet 

and possibly more. 

In the table of altitudes given above the upper limits of the 
beach are taken wherever practicable, but in some instances it 
is uncertain that the highest member was found. At Critten- 
den only the lower members are present, the higher having 
terminated near Alden, as shown below. 

Between the upper limits of the Crittenden and_ lower 
limits of the Sheridan beach there is usually a space of about 
50 feet where beach ridges are rare. The observations taken 
are not sufficiently full nor 1 refined to make it clear whether or 
not a measurable amount of differential uplift took place 
between the formation of the Sheridan and Crittenden beaches. 
The amountsince the date of the Crittenden is certainly closely 
similar in the two beaches. 


* Geol. of Ohio, vol. i, 1873, p. 554. 


+ Geol. of Ohio, vol. ii, 1874, p. 59. Also map, p. 59. 
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Taking up now the detailed discussion of the eastern termi- 

nus of the Crittenden beach, we find the beach leading some- 
what directly northeastward from Hamburg to Alden town- 
ship, Erie county, where a branching oceurs, the higher 
portion passing E.N.E. through the village of Alden and 
beyond to the western border “of Genesee county, while the 
lower portion bears northeast to, and beyond, Crittenden. 

Between Hamburg and Alden the beach traverses the vil- 
lages of Abbotts Corners, Websters Corners, Springbrook, 
Elma Center and West Alden. In this portion of the beach 
distinct ridges are not usually developed, though at one point 
(south of West Alden) three ridges were found with a dif- 
ference in altitude of fully 15 feet between the highest and 
lowest, and at Hamburg two distinct ridges appear whose dif- 
ference in altitude, as determined by Aneroid, i is about 25-30 
feet and whose trend is quite dissimilar (see map). The beach 
usually consists of a single main ridge below which there is a 
sandy or gravelly slope on which subordinate lines appear 
which are less continuous than the main ridge and above which 
there are also subordinate lines. The main ridge is, therefore, 
in the midst of the system rather than at its upper limit. 
Whether or not this is true of the portion west from Hamburg 
the writer is not prepared to say. The main ridge is usually 
20-30 rods in breadth and has a gravelly or sandy deposit 
8-10 and occasionally 15 feet in depth. At the point where 
streams entered the old lake, notably at Cazenovia creek west 
of Springbrook, at Buffalo and Little Buffalo creeks west of 
Marilla, and at Cazenovia creek south of West Alden, there 
are delta accumulations of considerable extent. These deltas 
contain gravelly rather than sandy material. 

The portion of the beach which passes eastward from West 
Alden has the form of a series of beachlets or short ridges so 
arranged that the eastern end of one lies south of, or outside, 
the western end of its neighbor, the whole series occupying a 
breadth of nearly one-half “mile. These extend into the west- 
ern end of Darien township, Genesee county, about three 
miles E.N.E. from Alden station, where they terminate very 
abruptly on a low plain bordering Ellicott creek. The altitude 
farther east is such that the lake could have covered it toa 
depth of but a few feet at most, and this may perhaps account 
for the limitations of the beach. There is, however, another 
feature which may have been influential. A till ridge of 
morainic type begins north of Alden between this outer por- 
tion of the Crittenden beach and the main beach line (which 
leads to Crittenden) and this till ridge leads eastward into 
Genesee county past the end of the beach. It is distant only 
about a mile from the beachlets and has sufficient height to 
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have stood above lake level and protected the narrow bay back 
of it from the action of strong waves. The strength of the 
beachlets for the three or more miles in which they are devel- 
oped in the lee of this till ridge is perhaps more remarkable 
than the absence of the beach in the eastern portion of the 
plain. We would remark, however, that in case this till ridge 
is a correlative of the beach (as it appears to be) we may sup- 
pose that prior to its formation the ice front at times stood 
sufficiently far to the east to leave the beachlets open to the 
sweep of waves from the broad lake which lay to the west. 

Returning to the point of separation of the outer and inner 
portions of the Crittenden beach, near West Alden, and fol- 
lowing the inner portion we find it passing northward to Alden 
Center, where it is crossed by Ellicott creek. From this point 
its course is northeastward to Crittenden. Throughout much 
of the distance it lies along the inner face of the till ridge just 
mentioned and falls short 10-20 feet of reaching the level of 
its crest. The breadth of this portion of the beach is about as 
great as the breadth of the main beach west from West Alden, 
showing a range from 20 rods up to 40 rods or more and the 
depth of gravel is usually 10-15 feet. The beach maintains 
this strength to a point about two miles east from Crittenden 
in a course parallel to, and immediately north from, the New 
York Central Railway. Here at a point almost due north from 
the eastern terminus of the beachlets composing the outer or 
upper portion this division of the beach also becomes ill 
detined. 

Immediately east from the point where the Crittenden beach 
becomes obscure a complicated series of morainic¢ ridges sets in 
which occupy the interval between the New York Central 
Railway and Tonewanda creek eastward to the bend of that 
stream near Batavia. These are discussed below as probable 
correlatives of the Crittenden beach. 

Upon examining closely the distriet west from the ends of 
these morainie ridges we find occasional developments of low 
gravelly ridges, apparently the product of wave action. They 
seldom rise more than three feet above the bordering plain and 
are but a few rods in width. On the lakeward side of these 
ridges, however, there are, in places, quite extensive deposits 
of sand and gravel with plane surface which have the appear- 
ance of being the deposits of a lake bottom. These occasional 
developments of beach phenomena occur as far northeast as « 
point two miles north of the village of Indian Falls in the 
southern part of Alabama township, Genesee county (the 
northwest township of the county). The action of waves is 
there indicated on the brow of the Corniferous escarpment by 
a narrow bench cut in the drift and bordered on the east by a 
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low ridge of gravel. Upon passing eastward along the brow 
of the escarpment a morainic belt is soon entered which leads 
thence northwestward past Lockport, and which marks appar- 
ently the terminal accumulation of the ice lebe when it had 
withdrawn nearly to the limits of the Lake Ontario basin. 
This morainic line also is diseussed as a probable correlative of 
the Crittenden beach and is called the Lockport moraine. 

Probable Correlative Moraines.—Having followed the Crit- 
tenden beach as far east as it is distinetly traceable and found 
its terminus to be closely associated with the western ends of a 
series of morainic ridges, we are prepared to consider these 
moraines briefly and to discuss the question whether they are 
the correlatives of this beach. 

The morainie belt which sets in near Alden between the 
outer and inner portion of the beach, leads eastward to the 
north end of the interlobate moraine already referred to as 
occupying the “ Water shed of Western New York” and 
which connects the moraines of the Finger Lake region with 
those of districts further west. It is so inferior to the great 
interlobate belt that it scarcely admits of tracing when com- 
bined with that belt. Later belts, also, become mingled with 
it in that district so that it forms a distinct belt only for a few 
miles. Its breadth is fully a mile except near its western 
terminus where it becomes more narrow. Its relief is 20-30 
feet above bordering plains. The surface is gently undulating 
with knolls 10-15 feet high. The knolls show a tendency to 
arrangement in chains or to ridging in line with the belt. For 
two or three miles from the western end a well defined and 
narrow crest is developed, but further east the crest becomes 
obscure though the general relief of the belt remains about the 
same. 

The western end of the till ridge presents features which 
are thought to indicate the combined influence of glacial and 
lacustrine agencies. The ridge is composed mainly of till 
except at its western end, but there for about a half-mile it 
becomes gravelly like the beach and it drops down to about 
the same altitude as the beach and if our aneroid readings are 
correct to a slightly lower altitude than the Alden beachilets. 
This gravelly portion differs from the beach in one important 
feature. It carries on its surface basins such as commonly 
occur on glacial deposits or on the overwash aprons outside of 
moraines. The basins are small, occupying usually but a few 
square rods, but they are several feet in depth. They occur 
both on the slopes and crest of the ridge. These features are 
thought to indicate that the ridge is a joint product of glacial 
and wave action. The gravel deposits may well be the result 
of wave action. The basins were perhaps produced by masses 
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of ice which were dropped into the gravelly deposits or per- 
sisted during their deposition and which upon melting left the 
basins. No way has suggested itself in which the basins could 
have been produced by the lake waves alone. Were the mate- 
rials sandy we might suppose wind to have been a leading 
ent in their production, but the fact that they are of a grav- 
elly nature forbids this supposition. 

A reconnaissance was made into the district west and north 
from the western terminus of this ridge with a view to deter- 
mining the line of continuation of the ice m argin beyond the 
beach. There is a broad tract of old lake bottom open to 
view between the Crittenden beach and the shore of Lake Erie, 
and the conditions seemed favorable for such a determination. 
There is abundant evidence of a southwesterly ice movement 
across the region, at least to the vicinity of Buffalo, for striz 
in the north part of Buffalo have that bearing and so also have 
strie and drumlins in the district between Buffalo and Lock- 
port. But the ice margin seems not to have been held at any 
one line sufficiently long to build up a strong moraine. Noth- 
ing was found connecting closely with the Alden till ridge. A 
few miles to the north, along a line following the base “of the 
Corniferous escarpment from Akron westward to Buffalo, 
there are a series of short ridges and low knolls of drift banked 
somewhat closely against the ‘escarpment and filling recesses or 
embayments in it. Possibly the knolls and ridges represent 
the line of the ice margin at one stage of the retreat. It seems, 
however, quite as probable that they are attributable in some 
way to the resistance of the ledge to the ice movement, in 
which case they may be submarginal instead of terminal 
deposits.* Aside from these knolls and a few drumlins in 
southern Niagara county the surface is very flat over the entire 
district in Niagara and Erie counties southwest from the Lock- 
port moraine. Bowlders are in places abundant, but so far as 
discovered they do not constitute a well defined belt. Had the 
ice sheet terminated in a deep body of water it would be less 
remarkable that no moraine could be traced, since icebergs 
might transport the material widely or cause the margin to 
have considerable oscillation. The margin might, because of 


*Dr. J. W. Spencer has published the view that a well defined beach line 
called by him the Lundy leads southwestward from Akron near the line of the 
knolls and ridges just mentioned. (This Journal, vol. xlvii, 1894, pp. 207-212.) I 
did not observe such a beach line, perhaps because my studies were not suf- 
ficiently complete. As I have had no opportunity to visit the ground or to con- 
fer with Dr. Spencer since his paper appeared I do not feel warranted either in 
concurring with or dissenting from the interpretation he has made. I can only 
state that the gravelly ridges in the vicinity of Akron have not in any case so 
far as personally observed seemed to present decisive evidence of a lacustrine 
origin. On the contrary they seem in most instances to be decidedly glacial in 
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the breaking off of icebergs, have extended farther on the 
shore than in the midst of the lake. With a very deep lake it 
might perhaps be possible for the ice on the shore to stand at 
Alden while that in the lake held the position of the Lockport 
moraine. But in the case in hand the water was very shallow 
for several miles from the shore and nowhere south from the 
Niagara escarpment (the district under consideration) did it 
much exceed 250 feet. I, therefore, consider it improbable 
that the Lockport moraine is to be correlated with the Alden 
till ridge. It seems more probable that the ice sheet, at the 
time the Alden ridge was formed, covered the old lake bottom 
at least as far sonth as a line from Alden west to Buffalo. 

The morainie ridges between the Alden ridge and the Lock- 
port moraine which connect somewhat closely with the eastern 
end of the well defined portion of the Crittenden beach are 
very bulky, their altitude being seldom less than 50 feet and 
in some places 60-75 feet above the beach. They show a 
decided east to west trend, a feature which apparently indi- 
cates a thrust from the north. Their trend is widely divergent 
from that of the Lockport moraine though they become closely 
associated with that moraine at the eastern end. The appear- 
ance is that of a pivotal recession of the ice front, the pivot 
or stationary part being just west of Batavia where the 
moraines are coalesced. A reference to the accompanying 
map will make this apparent. It will be observed that this 
pivotal portion lies nearly north from the interlobate moraine 
which connects the loops bordering the * Finger Lakes” with 
those farther west. The ice appears to have lingered in -the 
northern portion of the “Finger Lake” region until it had 
entirely withdrawn from the Lake Erie basin, the closing stage 
of this withdrawal being indicated by the ridges under dis- 
cussion. When the ice had retreated to the Lockport moraine 
it still extended to the north part of the “ Finger Lake” 
region but had no extension into the Lake Erie basin. 

The drift ridges between the Lockport and Alden moraines 
contain much more assorted material for a mile or so at their 
western ends than farther east, a feature which is perhaps due 
to the rapid escape of water from the ice-sheet into the border- 
ing lake. The western ends are also capped in places by sand. 
The date and method of deposition of this sand were not 
worked out. It may be either a postglacial wind drift from 
the plain on the west, or a deposit connected in some way with 
the melting of the ice and escape of its waters. 

The Lockport moraine is the principal morainic line thought 
to be a correlative of the Crittenden beach. Its distribution 
from Batavia to Lockport has already been indicated and its 
further distribution and the relations to the Crittenden beach 
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may be seen by reference to the accompanying map. The 
name Lockport seems a fitting one to apply to the moraine 
since it is well developed immediately northeast from the city. 
Being crossed there by the Niagara Falls Division of the New 
York Central railway, it may be seen to good advantage by 
travelers. 

The phases of topography which this meraine presents are 
more varied than is common in the moraines of that region. 
For a few miles south from the present shore of Lake Ontario 
it was washed by the waves which formed the Iroquois beach, 
a raised beach of Lake Ontario standing some 400 feet lower 
than the Crittenden beach.* Only a few low swells remain, 
but the position of the ice margin is readily traced by bowlders 
which appear in great profusion. They occupy a belt at least 
two miles in width along which, on nearly every farm from 
the present shore of Lake Ontario to the Iroquois shore (a dis- 
tance of eight or nine miles), they are heaped in great piles in 
the fields and built into wall fences. Though not rare on the 
bordering districts there is a very appreciable diminution in 
number so that the main line of deposition is easily traced. 

South from the Iroquois shore line the moraine soon rises to 
the brow of the limestone escarpment on which Lockport 
stands, the rise being about 200 feet. It consists of a series of 
knolls and basins which are plastered against the abrupt face of 
the escarpment, giving an effect strikingly in contrast with the 
smooth face presented by the escarpment west from Lockport. 

Between the brow of the Niagara escarpment and the Tone. 
wanda swamp (in northwestern Genesee county) the moraine 
consists of ridges of till forming a somewhat complex system 
but one in which the individual ridges harmonize rudely in 
trend with the general trend of the belt (W.N.W.-E.S.E.). A 
few conical or slightly elliptical knolls are associated with these 
ridges. They are not closely aggregated but are separated 
usually by nearly plane tracts of considerable extent. The 
height of the knolls and ridges seldom reaches 40 feet and is 
more commonly but 20-25 feet; this low elevation, however, 
on the flat tract which they traverse makes them a conspicuous 
feature. 

At the Tonewanda swamp the moraine is interrupted for 
about two miles by a very level tract. On the east border of 
this swamp it reappears in the form of a stout till ridge 80-50 
feet high with well defined crest which traverses the central 
portion of Alabama township, Genesee county, and has con- 


*See “History of the Niagara River,” G. K. Gilbert, Sixth Annual Report of 
Commissioners for Niagara Reservation, 1889, pp. 67-70, and Plate II, opposite 
p. 68. Also J. W. Spencer, “ Deformation of Iroquois Beach and birth of Lake 
Ontario” This Journal, vol, xl, 1890, pp. 443-441. 
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siderable prominence for at least four miles. It is here that it 
makes its closest approach to the northeastern terminus of the 
Crittenden beach, the interval being scarcely two miles. Its 
altitude along the highest portion of the crest is nearly 100 
feet below the level of the Crittenden beach. In the eastern 
portion of Alabama township, near Smithville, the moraine 
rises to the escarpment of Corniferous limestone and attains an 
altitude 50 feet of more above the level of the Crittenden 
beach. On this escarpment its features are different from 
those displayed by the moraine where it lies at a lower level 
than the beach line. Instead of a stout ridge of till with 
gently undulating surface and well detined crest there is a 
series of low knolls sharp in contour enclosing basins and 
sloughs but presenting no main ridge. This phase of the 
moraine is continued for many miles to the eastward. The 
moraine was traced as far as the Genesee river which it crosses 
near Avon. The width of the belt is seldom less than a mile 
and often reaches two or three miles. 

Features Inside (northeast of) the Lockport Moraine.—In 
the district northeast from the Lockport moraine the surface is 
sharply in contrast with that on the southwest. It embraces 
the great drumlin belt of western New York and an intricate 
series of drift knolls and ridges of various types. Only a 
small part of the surface is plane. In the district southwest 
from the Lockport moraine and west from the Crittenden 
beach there are only a few drumlins and a few inconspicuous 
drift knolls and ridges. The contrast in drift features is nearly 
as great between these districts as it is between the portion of 
southwestern New York which stood above lake level and that 
which stood below. 

In the district northeast from the Lockport moraine the 
altitude, with the exception of a narrow belt in the vicinity of 
the moraine, is below that of the eastern terminus of the Crit- 
tenden beach. The low altitude cannot be due to postglacial 
crust warping for what warping has occurred is that of east- 
ward differential uplift instead of westward. This district 
must, therefore, have been occupied by the lake and subjected 
to wave action unless barred out by the ice sheet. Further- 
more it is apparent that upon the withdrawal of the ice sheet 
this region would be invaded by the lake at least for a brief 
period, since it was then, as it is now, lower than any outlets to 
the west. This being the case the effects of wave action may 
be looked for at any level below that of the Crittenden beach, 
even if the lake was held at that level by an ice barrier. In 
case there was no ice barrier we should expect a similar amount 
of wave action throughout the entire border of the basin. But 
if the eastern or Ontario portion had been for a considerable 
portion of the time oceupied by ice, while the lake was wash- 
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ing the borders of the western or Erie portion of the basin, we 
should expect beach lines and wave action generally at any 
horizon above the present level of Lake Erie to be less con- 
spicuous in the former than in the latter district. The fact 
that the raised beaches of the Lake Erie basin occur at only a 
few levels apparently indicates that the lake dropped rapidly 
from the level of one beach to that of the next lower, for had 
the interval of lowering been prolonged beachlets of consider- 
able strength would have been formed at various levels.* 

In the district east from the Lockport moraine we should 
expect wave action to be pronounced in but a narrow zone, 
even if the ice-sheet had withdrawn before the Crittenden 
beach was formed. If it did not withdraw until after that 
beach was formed we should expect, at most, but an ill defined 
zone of wave action. Upon examining the district eastward 
from northwestern Genesee county (where the Lockport 
moraine and the Crittenden beach intersect) we found a narrow 
belt at about the level of the Crittenden beach where the drift 


* In studying the effects of the waves the depth to which effective wave action 
extends becomes a question of considerable importance. The depth of lowest 
wave action is, of course, related to the magnitude of the waves and this to the 
size of the water body, being greater on the ocean than on our great lakes, The 
great lakes are, or were, each of the same general order of magnitude, and their 
wave work may properly be compared. Prof. Shaler and Mr. Gilbert have exam- 
ined jointly a district at the eastern end of Lake Ontario with this subject in 
mind. Prof. Shaler has published the following statement of results: 

“ Exposed off shore Deposits——It might be supposed that wherever in relatively 
recent times a beach now elevated has been formed the surface of the earth below 
its level would retain some indications that it had been beneath the water. It 
might reasonably be expected that a submergence which had endured long enough 
to permit the formation of characteristic beach accumulation would have sufficed 
for the formation of a tolerably enduring marine deposit lying off shore.” 

“ At the outset of my studies of the elevated beaches of the Atlantic coast, the 
remains of which are of a rather fragmentary nature, I was led to doubt the 
verity of the indications by the absence of these marine deposits from the surface 
of the lower lying land. To test the matter I resorted to the country lying on 
the east and south of Lake Ontario, where the well preserved Iroquois beach 
indubitably proves long continued sojourn of the waters at a considerable height 
above their present level. I found that below the plain of the beach the general 
surface of the country showed no distinct indications that it had been submerged. 
In fact I was unable to find any criteria which would enable me to discriminate 
the areas below and above the ancient sea-margin. It must be believed that 
where the submergence has endured for a long time a certain amount of sedi- 
ments would be laid down in the off shore district and that the period required 
for the formation of such a beach as that last mentioned should have brought 
about a considerable accumulation of clay. It seems, however, likely that in a 
few thousand years of exposure such clay deposits would, by the down bearing 
action of the rain waters, be carried down into the earth or washed away into 
the streams.” (Bull. G. S. A., vol. vi, pp. 151-152.) 

Mr. Gilbert’s testimony is as follows: ‘It seems to us that after going 50 feet 
below the lowest member of the Iroquois series there was practically no moditi- 
cation of the drift forms; and while riding over the drift hills the only indication 
we could see of the lake occupancy was a loamy deposit from a few inches to a 
few feet in thickness which could often be distinguished between the soil proper 
and the unmodified drift. The evident inference was that the water had fallen 
from one level to the other in a very short time.” (Personal correspondence.) 
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forms seem to have been somewhat modified by the action of 
waves or currents of water. This is considered a possible lake 
level or perhaps a lake outlet. There is a large amount of 
gravelly drift in this belt but so far as discovered it is not 
arranged in beach lines, the surface being either plane or hay- 
ing a gentle undulation as if the drift knolls had suffered 
reduction or modification by waves or currents. This gravelly 
drift occupies usually a breadth of two or three miles. In 
places it occupies the entire interval between the Lockport 
moraine and the drumlin belt which lies north of it. At the 
southern end of these drumlins for a few miles west from the 
Genesee river, knolls and ridges of morainie type occur, and 
these are frequently bordered by gravelly aprons or delta-like 
accumulations; near the western end of the drumlin belt, also 
in the vicinity of Careyville, Genesee county, there is a gravel 
plain dotted with basins. These features are thought to indi- 
eate that the ice-sheet for a time occupied the drumlin area 
and country to the north but did not extend so far south as to 
completely bar out the water from the Lake Erie basin. It 
may, at times, have covered the gravelly belt while at other 
times it may have afforded an eastward outlet along the south 
border of the ice-sheet.* 

Still later the ice-sheet halted along a line just north of the 
drumlin belt, as is indicated by a small moraine which follows 
quite closely the line of the Erie canal from Rochester west- 
ward to Albion. (Its course has not been determined west 
from Albion.) South from this moraine there are, in the 
vicinity of the Genesee valley, quite heavy deposits of sand 
capping the drumlins and the plains among them. The sand 
extends north to the south border of this moraine but does not 
overspread it. This limitation of the sand is thought to be an 
indication that the ice-sheet was occupying the moraine at that 
time. The phenomena indicate that the ice-sheet held a nar- 
row body of water in the Genesee valley and this may also 
have had an extension along the ice front some distance east 
and west, between this moraine and the elevated country to 
the south. It is not yet known whether it afforded, at that 
time, an outlet to the Mohawk valley. 

The district between the Lockport moraine and the Iroquois 
beach presents other features which, when fully understood, 
promise to throw light upon the relation of the ice-sheet to 
the lake. We take time to mention the features of but one 
locality. North from the western end of the drumlin belt 


* Prof. H. L. Fairchild has recently published the opinion (this Journal, vol. 
xlix, Feb., 1895, pp. 156-157), that there was a temporary outlet from the eastern 
end of the Lake Erie basin through Seneca Lake to the Susquehanna, near Elmira. 
Prof. Fairchild’s studies, now in progress, promise to shed light upon this and 
other questions connected with the lake outlets and the descent of the lake from 
the Crittenden to the Iroquois beach. 
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there is, in southwestern Orleans county, a peculiar system of 
gravelly ridges and knolls. The ridges vary in type, some 
being low like bars or beaches of a lake and presenting much 
the appearance of lake strands. Others are 40-50 feet or more 
in height and resemble eskers. The smaller ridges have a 
tendency to east to west trend and are best developed along 
the watershed north of Oak Orchard creek. With a few 
exceptions the esker-like ridges have, like the drumlins, a N.E. 
-S.W. trend, probably conforming nearly to the line of ice- 
movement. [Besides the ridges there are clusters of sharp 
gravelly knolls of kame-like type 80-40, and occasionally 60- 
75 feet, in height. They are usually strewn more thickly with 
bowlders than the bordering district, a feature which, taken in 
connection with their topography, strongly supports the view 
that they are morainic. The diversified features, combining 
those of lake ridges with ridges of glacial type, lead us to 
anticipate that they will throw much light upon the method of 
departure of the ice-sheet, but as yet their significance is not 
clear. 
The Lake Outlets.—My former paper discusses the outlets at 
the time of the higher stages of the lake which occupied the 
Lake Erie basin. The evidence is clear that during the forma- 
tion of the upper two beaches an outlet was found to the 
Wabash past Ft. Wayne, Indiana. At the time the third or 
Belmore beach was formed (and its probable continuation, the 
Sheridan beach) this outlet had been abandoned. It is thonglit 
that the ice-sheet had retreated so far from the Huron and 
Michigan basins as to open a lower outlet through these basins 
than that past Ft. Wayne. It seems improbable that an east- 
ward outlet was then open, for the district south of Lake 
Ontario was apparently still occupied by the ice-sheet. It is 
evident that no outlet to the east could have existed until the 
ice-sheet had withdrawn from the Lockport moraine sufficiently 
for a passage eastward along its southern margin. If my inter- 
pretations are correct the Crittenden beach had been for a long 
time occupied by the lake before an eastward outlet was 
opened, a time sufficient, not only for the Lockport moraine, 
but for several other slightly older minor moraines to be 
formed. During that time the lake, in all probability, dis- 
charged westward through the Huron and Michigan basins 
past Chicago. When the gates to the eastward were opened 
by the withdrawal of the ice-sheet there was probably a brief 
eriod in which the lake discharged through the Seneca valley 
into the Susquehanna. But soon the lower outlet by the 
Mohawk was opened and the lake fell rapidly to that level, 
leaving but feeble traces of beach or wave action in its inter- 
mediate stages. 
Denmark, Iowa, March, 1895. 
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Art. II.—On some Compounds containing Lead and extra 
Lodine; by H. L. WE ts. 


ABOUT two years ago the writer described* the double 
salts of lead tetrachloride, (NH,), PbCl,, K,PbCl,, Rb,PbCl, 
and Cs,PbC],, and upon attempting to prepare the correspond- 
ing bromides and iodides, an entirely different kind of double 
salts was discovered.+ These peculiar salts were K,Pb,Br,. 
4H,O and K,Pb,I,.4H,O. They are remarkable in containing 
but a single atom of extra halogen in the formula as given 
above, and they apparently correspond to no previously known 
compound. I was unable to obtain, with the alkali metals, 
any bromides or iodides corresponding to the chlorides, but it 
is interesting to notice that Classen and Zahorskit have 
obtained such salts with quinoline, (C,H,NH),PbBr, and 
(C,H,NH),PbLS. 

The isolation of lead tetrachloride by Friedrich) and the 
discovery of lead tetra-acetate, Pb(CH,CO,),, by Hutchinson 
and Pollard® were very interesting additions to our knowledge 
of the compounds of tetravalent lead. These articles appeared 
almost simultaneously with that of Classen and Zahorski which 
has been referred to above, and with my own work mentioned 
at the beginning of this article. 

As a sequence to my former investigations, it has seemed to 
be desirable to reinvestigate two previously described com- 
pounds containing lead and extra iodine, because it seemed 
possible that a further study of them might throw some light 
upon the nature of the curious salt, KX,Pb,I,.+H,0O. 

Johnson's Salt.—By mixing a hot, concentrated alcoholic 
solution of potassium triiodide with a saturated solution of 
lead acetate in boiling alcohol, filtering off the small precipi- 
tate thus produced and cooling, G. S. Johnson** obtained a 
crystalline substance to which he gave the formula, Pb,C,,I1,, 
O,,K,I,,. Concerning this he remarks, “The formation of a 
rational formula has at present battled all my endeavors.” 

Johnson also obtained the salt by recrystallization from aleo- 
hol and by evaporating the mother-liquor over sulphuric acid, 
but there is no evidence that he analyzed more than one sam- 
ple of it. He does not give the quantities used in making his 
preparation. 

* This Journal, xlvi, 180, 1893. + This Journal, xlvi, 190, 1893. 

¢ Zeitschr. fiir anorg. Chem., 4, 107, 1893. 

§ Classen and Zahorski gave a formula of different type, 5NH,Cl.2PbCl,, to 
the double ammonium chloride. It seems certain from analogy, from Friedrich’s 
results and from my own work, that their product was contaminated with 
ammonium chloride. || Berichte, 26, 1434, 1893. 

| Chem. Soc. Jour., Ixiii, 1136, 1893. 

** Chem. Soc. Jour., xxxiii, 189, 1878. 
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I have made a large number of crops of the compound, all 
of which agreed with Johnson’s description in forming rect- 
angular crystals of a black color having a marked brassy luster 
upon four of the six faces, and occurring usually in intergrown 
groups of nearly square, flat plates. in preparing these pro- 
ducts the conditions were varied considerably. As a starting- 
point 30g. of potassium iodide and 50g. of iodine were 
invariably used. These amounts give a slight excess of iodine 
over the proportion required for potassium triiodide. From 40 
to 100 g. of crystallized lead acetate were used, and it was 
found that beyond these limits the preparation was unsuccessful. 

The solvent varied from absolute alcohol, diluted only with 
the water of crystallization of the lead acetate, to alcohol 
diluted with one-half its volume of water. Several crops 
were prepared in the presence of glacial acetic acid, and a 
volume of this amounting to ;!; of the total liquid (20°) was 
used with success. The total volume of solvent varied from 
200 to 500%, the larger amounts being used when it was not 
expected to obtain the product by simple cooling. It was cus- 
tomary to dissolve the potassium iodide and iodine in about 
one-half of the solvent to be used and the lead acetate in the 
remainder. The solutions were sometimes mixed boiling hot, 
while at other times a lower temperature was employed. A 
precipitate, evidently consisting chiefly of lead iodide, was 
always produced by mixing the two liquids, but its quantity 
was usually small. The effect of the presence of iodine in 
preventing the precipitation of lead iodide to a great extent is 
very remarkable. The solutions were filtered, sometimes while 
hot, sometimes after a longer or shorter period. The products 
obtained by cooling formed coherent crusts composed of very 
small, intergrown crystals, while by evaporation over sulphuric 
acid much larger isolated crystals, or groups of crystals were 
deposited. All the analyses given below were made upon 
crops obtained by evaporation, except in one instance. Two 
partial analyses of products made by cooling are not included 
in the list, because the results varied rather widely from each 
other and from the results obtained with the products of evapo- 
rations. The omitted results differed still more from Johnson’s 
analysis than the others. Two or three successive crops were 
often obtained by evaporating a single solution, and the twelve 
products, analyses of which are given, represent six different 
original solutions. The products were well crystallized and 
most of them seemed entirely satisfactory in regard to purity. 
They were all examined microscopically, and as far as could be 
judged from the appearance of an opaque substance, no 
impurities were present. The samples for analysis were very 
carefully pressed upon filter-paper in order to remove thie 
mother-liquor. The salt is practically stable in the air, so that 
decomposition was not to be feared during the drying operation. 
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Lead and potassium were determined by dissolving the sub- 
stance in dilute nitric acid, evaporating with sulphuric acid, 
separating the lead sulphate by filtration, weighing it, and 
determining potassium in the filtrate by weighing it as sulphate. 
Iodine was determined by treating the substance with a solu- 
tion of sodium arsenite, acidifying with nitric acid and digest- 
ing with an excess of silver nitrate, and finally weighing silver 
iodide. Carbon and hydrogen were determined by combus- 
tion with lead chromate, where the front part of the tube con- 
tained a layer of metallic silver which stopped the passage of 
any iodine. 

The variations in the results of the analyses are considerable, 
and it is probable that the salt, being always deposited ina 
concentrated mother-liquor, was never quite pure, but there is 
no evidence that the variations in composition have been regu- 
larly influenced by the variations in the conditions of prepara- 
tion. The analyses are given in the order in which they were 
made. The last three probably represent better material than 
the others. 

Oxygen 
Lead. Potassium. Iodine. Carbon. Hydrogen, (difference.) 
35°51 4°01 37°50 
36°24 4°33 36°16 
35°83 4°32 36°01 
35°29 4°07 37°78 
36°21 4°59 
35°43 4°20 
35°65 4°40 36°49 
35°35 4°15 
34°85 3°93 37°92 9°14 
84°72 3°97 39°26 9°17 
34°33 3°94 39°83 
Caleulated for 5Pb(CH,CO,),. 3K1. 61, 
35°87 4°07 39°62 8°31 1°04 11°09 
Johnson found, 
33°195 4°668 43°37 8°63 1°106 9°031 

It must be admitted that the results do not agree very satis- 
factorily with the calculated quantities, and that the formula is 
somewhat uncertain. It seems probable, however, that the 
compound is a combination of lead acetate with potassium 
triiodide with the formula 5Pb(CH,CO,),.3KI,. It is not 
certain that the extra iodine is combined with the potassium 
rather than with the lead, but since KI, is a well-known com- 
pound, and since the acetic acid radical is present in the proper 
proportion to form lead acetate, this view seems to be the most 
plausible one. 
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Johnson’s analysis differs chiefly from the new ones in its 
higher iodine and consequently lower oxygen as determined by 
difference. His oxygen is considerably too low for the amount 
required to give CH,CO, with the carbon and hydrogen, and 
this was evidently the main cause of his inability to arrive at 
a rational formula. It seems probable that there was an error 
in his determination of iodine. 

Gréger’s salt.—A compound has been described by Max 
Gréger* as corresponding to the remarkable formula, PbO. 
Pbl,.I,. As he prepared it, it was an amorphous precipitate 
which had been washed with water, and exposed to the air for 
a long time in order to allow iodine with which it was mixed 
to evaporate, and, consequently, there seemed to be room for 
doubt as to its freedom from decomposition after it had under- 
“ these operations, even if it could be supposed to have 

een a pure substance when it was precipitated. , 

I have undertaken a reinvestigation of this salt, and have 
succeeded in preparing it in a beautifully crystalline condition 
in which there was no doubt about its purity, and have found 
that Gréger really analyzed a pure compound, but that he over- 
looked some water that it contained. With the addition of 
one molecule of water his formula becomes correct, but this 
formula, Pb,I,O.H,O, or as it may be written Pb,I,(OH),, is 
no less remarkable than the one which Gréger advanced. 

This substance, in a erystallized condition, had been observed 
in this laboratory a short time before Griger’s work was 
known here. At my suggestion, Mr. J. H. Pratt had made 
some experiments with the dark colored precipitate produced 
by mixing strong aqueous solutions of lead acetate and potas- 
sium triiodide. Such precipitates were collected upon filters, 
treated while still moist with boiling alcohol and the resulting 
liquid, after filtration, was evaporated over sulphuric acid, with 
the result that small, brilliant, black crystals were sometimes 
obtained. Several partial analyses of this substance showed 
that it contained lead and iodine in the ratio 2:5, and were as 


follows: 
Ratio of | Calculated for 


III. average. Pb.I;0. H.0 

Lead..... 37°84 37°32 38°23 

lodine ... 57°66 58°71 58°62 5°07 58°63 
The yield of this product was very small, and it was diffi- 
cult to obtain it in a pure condition since it was often mixed 
with the well-known compound PbIOH and with other sub- 
stances which were not identified. The presence of water in 
the salt was established, but the cireumstances were such that 
the investigation was interrupted at a point where the pure 


* Monatshefte fiir Chemie, xiii, 510, 1892. 
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material at hand had been exhausted and no accurate determi- 
nation of water had been made. 

My thanks are due to Mr. Pratt for his valuable assistance 
in the investigation of the compound up to this point. When 
I subsequently obtained Gréger’s salt in a crystallized condi- 
tion it proved to have the same form and composition as the 
product mentioned above, so that a further study of the latter 
was deemed unnecessary. 

In order to obtain Gréger’s compound in a well crystallized 
condition, it is necessary to modify his method of preparation 
by using a small amount of acetic acid. It is also advanta- 
geous to use boiling water instead of cold water for the precipi- 
tation, and to use a somewhat larger volume of this than is 
recommended by him. I have obtained the best results by the 
following method : Dissolve 10 g. iodine in 100° absolute aleo- 
hol, then 50 g. crystallized lead acetate in 150° water, 3° glacial 
acetic acid and 300° absolute aleohol. Mix the two solutions, 
let stand 14 to 16 hours at the temperature of the room, filter 
to remove the small precipitate, then dilute with 1500° of boil- 
ing water. Let the wholestand until cold, when the compound 
sought will have crystallized out mixed with iodine. Pour off 
the liquid and wash the crystals with cold alcohol in small 
quantities until the iodine is removed. Dry the product upon 
tilter-paper, and then in the air at ordinary temperature. 

The product consists of very brilliant black crystals, usually 
0°5™" or less in diameter. They form octahedrons, apparently 
of the tetragonal system, with faces that are much curved 
and otherwise distorted. The powder of the crystals is similar 
in color to Griéger’s precipitate, and it agrees with it in being 
practically stable in the air and scarcely acted upon by cold 
water or alcohol. 

Two separate crops of apparently perfect purity were ana- 
lyzed. Lead and iodine were determined by the methods 
described above under Johnson’s compound. Water was col- 
lected and weighed in a calcium chloride tube, the substance 
being ignited in a tube behind a layer of granulated sodium 
carbonate which held back the iodine completely. Free iodine 
was determined volumetrically by the use of sodium thiosul- 
phate solution. The results were as follows: 


Found. Calculated for 
Pb.1,(0H)s. 


38°28 

Iodine 6: 58°63 
1°83 8: 1°66 

Oxygen (diff.) ... 1°42 1°48 


100°00 100°00 


iodine ... 34°78 I, 35°18 
Loss by heating -. 36°43 3643 I,+H,O 36°84 


| 


26 Wells—Compounds containing Lead and extra Lodine. 


I have also prepared the compound, exactly according to 
Gréger’s directions, as a reddish-brown precipitate, and after 
the product was apparently free from intermixed iodine and 
air-dry, it was dried for three days, spread out in a very thin 
layer under a bell-jar well charged with solid potassium 
hydroxide. This product gave the following results on analysis : 


Calculated for 
Found. 


This result indicates that Griger overlooked water in his 
compound, and that his precipitate is identical with the erys- 
tallized product. 

I have observed the formation of this salt under various con- 
ditions when alcoholic solutions containing lead acetate and 
iodine, and in some eases potassium iodide also, were diluted, 
but the purest crops have been obtained only when the ingre- 
dients were used nearly in the proportion which Gréger recom- 
mends, and also when the alcoholic mixture has been allowed 
to stand for the proper period. The compound cannot be 
recrystallized from water, alcohol or mixtures of the two 
liquids, and it seems probable, as Gréger suggests, that it is 
formed by the decomposition of some other compound by 
water. This view does not conflict with the fact that it was 
prepared, as described above, by the evaporation of certain 
alcoholic solutions, because these always contained water which 
increased in proportion to the alcohol as the evaporation went 
on. The presence of an acetate seems to be indispensable to 
its production, for I have made a number of experiments using 
lead nitrate instead of the acetate with no indication of its 
formation. It seems probable that a soluble compound closely 
related to Johnson’s salt is formed at first and that this yields 
Gréger’s compound by the action of water. 

I have made unsuccessful attempts to prepare a bromide 
corresponding to Griger’s salt, and my attempts to replace a 
part of the iodine in it by bromine have also failed. 

Conclusion.—The two compounds which have been re-inves- 
tigated, 5Pb(CH,CO,),. 3KI.6I and PbI,. PbO .31.H,O show 
no evident relation to each other nor to the compound 2PDbI,. 
3KT.1.4H,O, which I have previously described, except that 
all of them are of complicated composition and they all con- 
tain extra iodine without showing evidence of the existence of 
lead tetraiodide. Classen and Zahorski’s quinoline salt, previ- 
ously referred to, seems to furnish the only evidence of the 
existence of this higher iodide in combination. 


Sheffield Scientific School, New Haven, Conn., March, 1895. 
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Art. Estimation of the Halogens in Mixed Silver 
Salts; by F. A. Goocw and CHARLOTTE FAIRBANKS. 


[Contributions from the Kent Chemical Laboratory of Yale College—XNXTX.] 


KNOWN methods for the estimation of chlorine, bromine, and 
iodine in mixed silver salts depend either upon the reduction 
of the salts to metallic silver or their conversion to a single 
definite silver salt. The old but by no means ideal methods 
for the determination of chlorine and bromine in mixed silver 
chloride and bromide by reduction of the salts to silver in 
hydrogen at high temperatures or conversion to silver chloride 
in an atmosphere of chlorine are typical. Perhaps the best of 
all are the electrolytic method of Kinnieutt* for the reduction 
of the fused chloride and bromide, the battery process of 
Whittield+ which involves the electrolysis of the solution of the 
silver salts in potassium cyanide and the method of Maxwell- 
Lytet according to which the silver in the cyanide solution of 
the silver salts is thrown down by potassium iodide and sul- 
phuric acid. Even in these processes there are points against 
which objection may be raised with reason. Thus, in the 
processes of Whitfield and Maxwell—Lyte it is next to impos- 
sible to secure complete and speedy solution of the dried silver 
salts in potassium cyanide without recourse to intermediate 
washing and treatment with nitric acid; and in Kinnicutt’s 
method, which has been applied only to the analysis of the 
mixed chloride and bromide, difticulty is found in the speedy 
removal of all sulphuric acid from the spongy mass of silver 
formed in the reduction. 

We have tried many experiments with a view to simplifying 
the analysis of the mixed silver salts. Ignition with mercuric 
cyanide according to Schmidt’s method for sulphides;s treat- 
ment with cuprous chloride dissolved either in ammonia or in 
hydrochlorie acid; the action of ferrous oxalate. dissolved in 
potassium oxalate, Eder’s reagent ;| treatment with chromous 
chloride or chromous acetate; contact with powdered mag- 
nesium under dilute acid; and many other plans of action 
with powerful reducers have failed to yield analytical results 
comparable with those of the known methods. Hydrogen 
sulphide, dry or moist, and ammonium sulphide attack the 
halogen salts of silver with varying intensity, the chloride very 

* Am. Chem. Jour., iv, 22. + Am. Chem. Jour., viii, 421. 


¢ Chem, News, xlix, 3. $ Ber. d. chem. Gesell., xxvii, 225. 
|| Ber. d. chem. Gesell., xiii, 500. 
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easily, the bromide with less ease, and the iodide most difficultly 
—as might be predicted from a knowledge of the thermal 
values involved in the reactions. A current of hydrogen sul- 
phide charged with ammonium sulphide effects the complete 
conversion of silver chloride to silver sulphide at a temperature 
below 200°C ; but we have never succeeded in securing abso- 
lutely complete conversion of the bromide to the sulphide by 
similar treatment even at much higher temperatures, and the 
iodide resists conversion more obstinately than the bromide. 
Nor have we been able to find conditions under which the 
chloride may be converted while the bromide and iodide 
remain unattacked. In a study of the conditions best adapted 
to the reduction of silver salts electrolytically we have obtained 
results which point to advantageous modifications of the 
methods heretofore known. We find that the treatment of 
the fused salts may be simplified, made more accurate, and 
extended to mixtures containing silver iodide. 

In Kinnicutt’s process the difficulties lie, first, in the impossi- 
bility of destroying the paper, upon which the silver salts have 
been collected and washed, without affecting the conduction 
of the salts; secondly, in the obstinacy with which the spongy 
silver holds the sulphuric acid ‘during washing ; and thirdly, 
in the tendency of the chlorine liberated when a chloride is 
present to attack the electrodes. 

Upon the first point nothing need be said; the difficulty is 
obvious and well known. As to the second source of error, 
our experience shows that rapid washing is not sufficient to 
remove the sulphuric acid included in the reduced silver, even 
when excessive amounts of wash-water are used; but that a 
considerable time is indispensable for the escape of the acid 
from the silver to the wash-water by diffusion. In several 
cases we have found errors, ranging from a single milligram to 
six or seven, due to inclusion of the acid in residues which had 
been washed freely but rapidly, and which, even after ignition, 
yielded slowly hot water extracts which gave the test for a 
sulphate by barium chloride. 

The results of some experiments made to test the effect of the 
halogens set free in electrolysis are shown in the accompanying 
table : 
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Electrolyte, Change in Change in 


15 cm’ of H.SO,, Strengthof Time weightof weight of Connection 
(15 per cent) with current in in thecontain- wire elec- of 
the substance amperes. hours. ing crucible trode crucible. 
named. grm. grm. 


grm. KI 0°46-0°25 24 0°0000 0°0000 Cathode 
“« KBr  0°50-0°18 35 00000 0°0000 =©Cathode 
18 


1 

1 “« KCl  0°48-0: 26 0°0008— 0:0001— Cathode 
o5 HCl 0°0009*— 0:0000 Cathode 
05 * HCl 0°3 48 0:0004— 0°0004+ Anode 


So it appears that, while neither bromine nor iodine attacked 
the platinum perceptibly under the conditions of the experi- 
ments, though set free in abundance, an appreciable amount 
of the metal did dissolve under the action of chlorine. More- 
over the solubility seems to depend chiefly upon the area of 
surface exposed and not upon the electric polarity. The metal 
dissolved was reprecipitated by the action of the current only 
in the experiment in which, by reversing the direction of the 
eurrent and thus making the area of the anode large while that 
of the cathode was diminished, a corresponding increase of 
current density upon the cathode was brought about. It is 
obvious that under ordinary conditions of electrolytic reduction 
the solvent effect of the chlorine upon the platinum will 
naturally produce an apparent deficiency in the weight of silver 
reduced. 

These sources of error in the electrolytic reduction of the 
fused silver salts we have endeavored to overcome. The 
danger of change in the constitution of the salts during prepa- 
ration for weighing we avoid by collecting them upon asbestos 
in a perforated crucible instead of upon paper; but in order to 
secure perfect electrical conductivity throughout the mass of 
silver salts subsequently collected, dried, and weighed, we 
place a dise of perforated platinum foil upon the prepared felt 
of asbestos. In this way perfect electrical contact is obtained, 
though the rapidity of filtration is somewhat impaired. The 
dise also serves the useful purpose of preventing the disturb- 
ance of the felt by the gas evolved from the walls of the 
erucible in the electrolytic process.+ When the silver salts 
have been collected, washed, dried and weighed, their fusion is 
effected by placing the capped crucible upon an anvil and 
directing the flame of a small blowpipe with care upon the 

* Platinum tested for and found in solution. 

+ This device has been suggested by Puckner (Jour. Am. Chem. Soc. 1893, 710) 
for holding down the asbestos in an ordinary filtration, and is no doubt of value 
when suitable asbestos is not at hand. A fairly good asbestos properly prepared, 
and deposited upon a perforated surface in which the holes are sufficiently 
numerous—best, as numerous as can be—does not, however, tend to rise during 
a filtration so long as the suction pump is in action.—F. A. G. 
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mass from above. The anvil keeps the crucible cool and tends 
to prevent the soaking of the asbestos with the fused silver 
salts, which would be disadvantageous in the washing process 
which follows the reduction. A rubber band cut from rubber 
tubing of suitable diameter is adjusted so as to cover the 
junction between the cap and crucible and make a water-tight 
electrolytic cell. When the electrolytic reduction is finished 
the band and cap are removed, the crucible is put upon the 
pump, the liquid is drawn through and the precipitate washed 
in the usual manner. 

It is obvious that the difficulty of washing out the sulphuric 
acid from the reduced silver may be avoided if it is possible to 
substitute for the sulphuric acid an electrolyte which, even if 
it were not easily removed by washing should be volatile at 
gentle heat without affecting the silver; and the danger arising 
from free chlorine may be obviated by taking care to have the 
chlorine absorbed by the electrolyte as soon as it is liberated. 
We find that twenty-five per cent alcohol containing a tenth 
of its weight of oxalic acid meets all the conditions for the 
electrolytic reductions of the mixed chloride and bromide of 
silver. Such a solution while possessing sufficient conductivity 
absorbs the free chlorine to such an extent that, as we have 
found experimentally no perceptible solvent action takes place 
upon the platinum and nothing remains in the silver reduced 
under such a solution which is not volatile at gentle heat with- 
out affecting the weight of the silver. 

In the test-experiments recorded in the accompanying table 
known amounts of silver chloride and bromide were precipitated, 
collected, washed, dried at 150°C., and weighed in the filtering 
erucible provided as usual with a layer of asbestos which was 
in this case covered with the perforated platinum dise. The 
cap was put in place, the crucible set upon an anvil, and the 
salts fused with a blowpipe flame in the manner described. 
The rubber band was adjusted, the crucible nearly filled with 
the ten per cent solution of oxalic acid in twenty-five per cent 
aleohol, and the current passed in the usual manner, the crucible 
serving as the negative electrode. When the reduction was 
judged to be complete the band and cap were removed, the 
crucible set upon the pump, and filtration of the liquid and 
washing of the residue carried out as usual. Finally the 
erucible, cap, and residue were ignited at a very low red heat 
and weighed. The entire treatment was repeated until the 
constant weight of the residue showed that the reduction was 
complete. 
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AgCl taken. AgBrtaken. Agcalculated. Ag found. Error. 
grm. grm. grm. grm. grm. 


1°0608 9°7985 0°7990 0°0005 + 
1°4380 1°0823 0°0000 
0°9998 0°7525 0°0003 — 
0°9959 0°5721 0°0002 + 
09979 0°5731 0°0001 + 
1°0044 0°4988 1°0426 0°0004— 
0°4933 0°4966 0°6559 0°0009 + 
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The manipulation of the method is very easy, and the results 
show that it is capable of yielding accurate results. The 
current ranged from 0°5 to 0°25 amperes, and for convenience 
the process was continued over night though the reduction of 
amounts such as we treated is usually complete in six or seven 
hours. 

Unfortunately this process which works so well with the 
mixture of chloride and bromide is not applicable to the 
reduction of silver iodide or to mixtures containing it. Experi- 
ment proved that the iodine set free in the electrolysis works 
over and over again upon the spongy silver constantly regener- 
ating silver iodide to a greater or less degree. As the result of 
many attempts to destroy the liberated iodine without intro- 
ducing anything objectionable into the solution we finally 
settled upon a mixture made by neutralizing two parts by 
volume of ordinary (40 per cent) acetic acid with ammonia, 
adding one part of ammonia, one part of alcohol, and one 
part of aldelyde (75 per cent). Such a solution we found to 
work very well on the whole, but as the reduction progresses 
it frequently happens that a deposit of white ammonium iodate 
forms upon the anode, which introduces too great resistance to 
the current. This deposit of iodate is, however, easily removed 
from the electrode by dipping it into hot water. Whenever 
the solution isso exhausted that free iodine begins to appear 
the liquid should be carefully decanted and replaced by fresh ; 
and before the operation is ended the decanted solutions and 
the washings of the electrode should be filtered through the 
crucible, and the residue submitted again to the action of the 
current, to make it certain that loosened particles of silver or 
silver salt possibly poured off or removed on the electrode 
shall not be lost finally. The necessity of keeping the process 
under occasional supervision renders it undesirable to continue 
the action over night. In some cases of prolonged action 
without attention we have noticed the formation of gummy car- 
bonaceous matter which could not be subsequently removed 
without the application of a degree of heat which might 
endanger the platinum in contact with the reduced silver. 


AgCl 
taken. 

grm. 
0°4779 
06096 
0°6774 
0°50385 
1°0020 
0°4939 


mixtures of these salts. 


AgBr 
taken. 
grm. 


0°4984 
0'9998 


0°5000 


Ag 


calculated. 


grm. 
0°3596 
0°4588 
0°5098 
0°5727 
0°7872 
0°4878 
0°4882 
074661 
0°5521 
06910 
0°6653 
1°3285 
0°5310 
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Many of the experiments recorded in the following table were 
completed within seven hours with a current not exceeding 0°5 
amperes : 


Ag 
found. 
erm. 
0°3591 
0°4591 
0°5099 
0°5726 

0°487 

0°4875 
0°4662 
0°5530 
06914 
0°6653 
1°3283 
0°6733 
075516 


These results show that the process affords an accurate 
reduction of the chloride, bromide, and iodide of silver and 
When the problem concerns the 


Error. 
grm, 


0°0005 — 
0°0008 + 
0°0001 + 
00001 — 
0°0003 + 
0:0001 — 
0:0007— 
00-0001 + 
0°0009 + 
0°:0004 + 
0°0000 

0°0002 — 
0°:0001 — 
0°0006 + 


reduction of the chloride and bromide only, we give the 
preference to the reduction in alcoholic oxalie acid as being the 
simpler process. 
cessfully on a larger scale to the recovery of the silver in 


chloride residues. 


The latter process we have also applied suc- 


i 
i 
Agl 
taken. 
grm. 
0-9969 
1°3703 
i 1:0613 
1:0621 
1:0140 
1°2012 
15031 
0°6561 
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Art. IV.—On the Pitch Lake of Trinidad; by 8. F. 
PrECKHAM. 


AT the risk of saying a superfluous word, I am led after a 
recent visit to Trinidad, to add my testimony to that of the 
numerous observers, who for more than a hundred years have 
written concerning this remarkable phenomenon. 

The earliest account of a visit to Trinidad, accessible to Eng- 
lish readers, was published in the Transactions of the Royal 
Society of London in 1789, by Alexander Anderson.* He 
describes point La Brea as a promontory fifty feet high jutting 
into the Gulf of Paria. Ascending to the Lake he describes it 
as three miles in cireumference divided into “areola” resem- 
bling those upon a turtle’s back, the surface of each being 
“horizontal and smooth.” He was there in the rainy season, 
and concluded that evaporation on the clear afternoons removed 
the torrents of water that fell in other parts of the day, as there 
was no other outlet. He further states that the soil around La 
Brea consists of cinders and burnt earth, being evidently the 
product of subterranean fires, as there were hot springs in the 
neighboring woods. 

he next visitor is Dr. Nicholas Nugent, who published an 
account of a visit made in October, 1807.+ He landed on the 


south side of La Brea point which he describes as consisting of 
a bluff of porcelain jasper, “ — of ared color.” Ascend- 


ing to the Lake he perceived a strong sulphurous and pitchy 
smell, like that of burning coal, and soon after had a view of 
the Lake, which at first sight, appeared to be an expanse of 
still water, frequently interrupted by clumps of trees and 
shrubs, but on a nearer oranaee it was found to be a plain of 
mineral pitch with frequent crevices filled with water. “The 
surface of the lake was not polished or smooth so as to be slip- 
pery ; the consistence was such as to bear any weight, and it 
was not adhesive ; though it partially received the impression 
of the foot, it bore us without any tremulous motion whatever, 
and several head of cattle were browsing on it in perfect 
security. The interstices or chasms are very numerous, and 
being filled with water, present the only obstacle to walking 
over the surface. The arrangement of the chasms is very singu- 
lar, the sides are invariably shelving from the surface, so as to 
nearly meet at the bottom, but there they bulge out towards 
each other with a considerable degree of convexity. These 
crevices are known occasionally to close up entirely, and we 
saw many marks or seams from this cause. The lake contains 


* Philosophical Transactions, Ixxix, 65, 1789. 
+ Transactions of the Geological Society of London, i, 63, 1811. 
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many islets covered with long grass and shrubs. It is not easy 
to state precisely the extent of this great collection of pitch ; 
the line between it and the neighboring soil is not always well 
defined. The main body may perhaps be estimated at three 
miles in cireumference ; the depth cannot be ascertained, and 
no subjacent rock or soil can be discovered. The negro houses 
in the vicinage, built by driving posts into the earth, frequently 
are twisted or sunk on one side. In many places it seems to 
have actually overflowed like lava, and presents the wrinkled 
appearance which a sluggish substance would exhibit in motion. 
In some parts it is black, with a splintery or conchoidal frac- 
ture; in other parts so much softer, as to allow one to cut out 
a piece in any form with a spade or hatchet, and in the interior 
it is vesicular or oily ; this is the character of by far the greater 
portion of the whole mass: in one place it bubbles up in a 
perfectly fluid state, so that you may take it up in a cup.” 

“In the southeastern part of the island there is a similar 
collection of this bitumen, though of less extent, and many 
small detached spots of it are to be met with in the woods; it 
is even said that an evident line of communication may thus 
be traced between the two great receptacles.” 

Dr. Nugent devotes considerable space to a discussion of the 
geology and origin of the bitumen. As his opinions are based 
on theories no longer accepted by geologists I will only remark 
en passant, that he associates the mud volcanoes of Cedros 
Point with the agencies that have been active in bringing the 
bitumen to the surface. 

The next notice that appeared, was written in September, 
1832 by Capt. J. E. Alexander, 42¢ Royal Highlanders.* He 
says, “at the small hamlet of La Braye, a considerable extent 
of coast is covered with the pitch, which runs a long way out 
to sea, and forms a bank under the water. The Pitch Lake is 
situated on the side of a hill, a gradual ascent leads to it, which 
is covered with pitch in a hardened state, and trees and vegeta- 
tion flourish upon it. The pitch at the sides of the lake is per- 
fectly hard and cold, but as one walks off towards the middle 
with shoes off, in order to wade through the water, the heat 
gradually increases, the pitch becomes softer and softer, until 
at last it is seen boiling up in a liquid state, and the soles of 
the foot become offensively warm. During the rainy season, 
it is possible to walk over the whole lake, nearly, but in the 
hot season a greater part is not to be approached. The Lake 
is about a mile and one-half in cireumference; and not the 
least extraordinary circumstance is, that it should contain eight 
or ten small islands, on which trees are growing close to the 


* Journal of the Franklin Institute, 1833, xv, 337. New Edinburgh Philos. 
Magazine. 
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boiling pitch. In standing for some time on the lake near the 
center, the surface gradually sinks until it forms a great bow], 
as it were; and when the shoulders are level with the general 
surface of the lake, it is high time to get out. The flow of 
pitch from the lake has been immense, the whole country 
round, except near the Bay of Guapo, being covered with it; 
and it seems singular that no eruption has taken place within 
the memory of man, although the principle of motion still 
exists in the center of the lake.” 

Speaking of Point Cedros, he says, “ what renders this point 
so interesting tothe stranger is an assemblage of mud volcanoes, 
of which the largest may be about one hundred and fifty feet 
in diameter. At times the old craters cease to act, but when 
that is the case new ones invariably appear in the vicinity. 
The mud is fathomless, yet does not overflow, but remains 
within the circumference of the crater. From what I recollect 
of the Crimea, I should say that there is a remarkable similarity 
between it and Trinidad ;—geologically speaking, in both there 
are mud voleanoes, in both there are bituminous lakes, and 
both have been frequently visited with earthquakes.” 

The next observer was Mr. N. S. Manross, who visited the 
lake in 1855, and has been widely quoted. He says, “the vil- 
lage of La Brea stands on a projecting tongue of land which 
owes its preservation from the inroads of the sea to the fact 
that it consists entirely of hardened pitch, which withstands 
the waves far better than the loose materials of the acecompany- 
ing formations. The shore for miles, both north and south, 
consists mainly of the same material, and juts boldly out into 
the sea wherever it is thus pitch-bound. A road leads up from 
the landing to some sugar estates beyond the lake. It ascends 
a gentle slope of hardened pitch, which, where left to itself is 
covered with a dense growth of reeds and bushes. The road 
itself is a fine illustration of the adaptation of pitch to the pur- 
pose of paving. Where too much mixed with earth it has 
become pulverized to a depth of a few inches, but in many 
places it is still so pure and solid that the wheels of heavily 
loaded sugar wagons and the hoofs of horses make but a slight, 
and even that, a transient impression. In no part of the ascent 
to the shore of the lake does the stream of pitch appear to be 
covered by more than one or two feet of soil, while in most 
places it is entirely bare. In places where the surface is not 
protected by vegetation it becomes so far softened by the sun 
as to be still making progress downward. 

“On nearing the lake the ascent becomes steeper. Here 
the pitch is bare, or but slightly covered with grass. Its appear- 
ance isnot that of a sudden simultaneous overflow in a single 
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smooth stream, but that of a great number of streams each but 
a few yards or rods in breadth. Their surfaces are drawn out 
into all manner of contortions, and where the edges meet, 
small ridges have been thrown up and the pitch broken into 
fragments not unlike the scoriz of lava currents. These frag- 
ments of pitch were on fire in several places, having been 
kindled by a fire that ran through the ‘bush’ a few weeks 
before.” 

“On ascending the last slope of this pitchy glacier a singular 
scene meetsthe eye. A black and circular plain of pitch one- 
half mile in diameter lies flush with the edge of the stream. 
It is surrounded by a dense wall of forest in which various 
species of tall palm are most conspicuous. The lake itself is 
entirely bare of vegetation, except about twenty small clumps 
of trees which are arranged in a sort of broken circle about 
one-half way from the center to the circumference.” 

“The entire surface of this circular plain is seen to be inter- 
spersed by a network of water channels. Its appearance is 
exactly that of marbled paper. The pitch is divided into flat 
or slightly convex areas, mostly polygonal but sometimes cir- 
cular. They vary from one to eight rods in diameter. The 
intervening spaces are full of water. These channels (or spaces) 
have heretofore been described as crevices or cracks in the 
pitch. ‘This description however is incorrect, for the material, 
though apparently almost as hard as stone, is yet far too plas- 
tic to admit of anything like a fissure remaining open in it. 
The channels are produced and maintained by the following 
singular process. Each of the many areas into which the Lake 
is divided possesses an independent revolving motion in this 
wise: at the center of the area the pitch is constantly rising up, 
not breaking out in streams, but rising en masse. It is thus 
constantly displacing that which previously occupied the center, 
and forcing it towards the cireumference. The surface becomes 
covered with concentric wrinkles and the interior structure 
somewhat laminated. When the edge of such an expanding 
area meets that of the adjoining one the pitch rolls under, to be 
thrown up again at the center at some future period. The 
material is nearly soft enough to meet and form a close joint 
at the top but descends with a rounded edge and ata considerable 
angle. Fhe conclusion then to which a close observation leads 
us in regard to the present condition of this singular lake is, 
not that it has suddenly cooled down from a boiling state, as 
heretofore described, but that, as the material is, it is still boil- 
ing although with an infinitely slow motion. As the descent 
of the glacier may be considered the slowest instance of flow- 
ing in nature, so the revolutions of the scarcely less solid bitu- 
men of this lake may be set down as the slowest example of 
ebullition.” 
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“ Towards the center of the lake several detached areas are 
met with, the surfaces of which yield under the foot. On 
standing ten or fifteen minutes one may find himself ankle 
deep. A person standing long enough would undoubtedly 
sink and perhaps disappear in it; but in no place was it pos- 
sible to form » so bowl-like depressions around the observer 
as described by former travelers.” 

“The water which filled the crevices of the pitch is clear 
and very pure. It is the favorite resort of all the washer- 
women for miles around. As the water is flowing now, the 
pitch has formerly flowed from the lake in all directions. The 
entire surface covered by it is estimated at 3000 acres. The 
pores of the pitch are full of water which oozes out on the 
slightest pressure, and by moistening the skin prevents adhe- 
sion. Streams of gas issue, sometimes rising through the 
water, but more frequently from small openings in the pitch 
above water level.” 

“In one of the star-shaped pools of water, a column of pitch 
had been forced up from the bottom, expanding into a sort of 
center-table about four feet in diameter. Pieces torn from 
the edge of this table sank readily, showing that it had been 
raised by pressure and not by buoyancy.” 

“About a mile and one-half south of the lake I observed 
numerous beds of indurated clay filled with the remains of 
leaves and vegetation. A little further on appears a bed of 
brown coal and lignite, about twelve feet thick. It has such 
a dip and direction that, if continuous, it would pass under 
the lake at a great depth. About a mile to the northwest of 
the lake another bed of brown coal crops out upon the shore. 
It is about twenty feet thick. From the occurrence of such 
considerable accumulations of vegetable matter, so situated as 
apparently to pass under the lake, it seems reasonable to regard 
them as the source of the pitchy matter. Indeed, many pieces 
of wood may be observed in the beds of brown coal, which 
differ in no respect in their appearance from many of the 
pieces thrown up in the lake itself.” 

Mr. Manross* is completely at sea in his points of the com- 

ass. 

The observations upon which the descriptions of this lake, 
from which [ have made careful abstracts, were based, were 
made from forty to one hundred and six years ago. I have 
been able to verify them in almost every particular, and these 
descriptions clearly portray the appearance and condition of 
the lake at the time f visited it in March, 1895. In addition 


to these descriptions, other observations quite different in 
character and purpose have been made concerning the island 


* This Journal II, xx, 153, 1855. 
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of Trinidad, and incidentally of the Pitch Lake, during the 
last thirty-five years. In 1860 Messrs. Wall and Sawkins pub- 
lished quite an extended report > ag the geology of Trinidad, 
including observations upon the occurrence of bitumen 
throughout the island.* 

Dr. Nugent remarked in the article above quoted, “and it 
must be remembered that geological enquiries are not con- 
ducted here with that facility with which they are in some 
other parts of the world; the soil is almost universally covered 
with the thickest and most luxuriant vegetation, and the 
stranger is soon exhausted and overcome by the scorching rays 
of the vertical sun.”+ These observations exactly express the 
conditions under which these gentlemen performed their 
undertaking. It is therefore not surprising that errors should 
have been found in their conclusions and corrected by later 
observers. 

Mr. J. R. Lechmere Guppy, in 1892, thus stated the conclu- 
sions that he had reached in reference to Trinidad Geology. 

“It appears from the evidence derived from the nature of 
the Naparima rocks, their fossil contents, and the movements 
which have effected them and the other formations of Trini- 
dad, that during the Cretaceous and Eocene periods, there was 
a sea having a considerable but variable depth of water, say 
up to one = Falta fathoms and more. It is probable that this 
sea extended on the North to the base of the northern range 
of hills, a distance of some twenty or twenty-five miles from 
the northern limit of the Naparima deposits. During the 
Cretaceo-Eocene period the northern mountains probably 
formed an unbroken chain with the littoral cordillera of Ven- 
ezuela. This chain may be ¢ alled the ‘Parian Range.’ 
According to abundantly clear evidence given by me in 1877,§ 
the great chasms between Trinidad and Venezuela called the 
Bocas del Drago were produced by subsidence. Previous to 
this the ‘Parian Range’ probably formed the southern boun- 


* Report on the Geology of Trinidad, by order of the Lords Commissioners of 
Her Majesty’s Treasury, London, 1860. 

+ Loe. cit., p. 70. 

¢ Quar,. Journal Geological Soc., 1892, xlviii, 519-536. Ditto, xxii, 571; ditto, 
xxiv, 11; ditto xxvi, 413; ditto, xlviii, 221. 

The ‘Naparima rocks” consist of an anticlical that abutting in a bluff near 
San Fernando, on the Gulf of Paria, extends across the island almost to the East 
coast. They also appear on the mainland of Venezuela near tho Bay of Cumana. 
The lowest strata are Cretaceous and are called together with the Eocene above 
them the ‘Older Parian.” The ‘‘ Newer Parian” above is Miocene and con- 
tains lignites and bitumen. Here orbitoides and nummulites are found in a mass 
of rock projecting into the Gulf of Paria, supposed to be Miocene. In the West- 
ern Hemisphere orbitoides are supposed to characterize the Eocene. In the 
Eastern Hemisphere nummulites are characteristic of the same formation. The 
deposit that here contains them both lies between other Miocene deposits. 

§ Proceed. Scien. Assoc., Trinidad, Dec., 1877, p. 103. . 
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dary of the Carribean continent and was a barrier through 
which no large river found its way. The ‘Parian Range’ 
may be regarded as one of those ‘stable areas’ which has 
never been submerged since Paleozoic times.” 

“To the westward the Cretaceo-Eocene sea probably ex- 
tended as far as the present low-lying alluvial plains of Vene- 
zuela. In this direction it was no doubt bounded by the high 
lands now forming the Pico de Cumanacoa and the Cerro del 
Bergantin, ranges at present twice as high as any in Trinidad. 
Its southern extension went presumably near to the granitic 
and gneissic ranges and plateaux of Guiana.” 

“ After the close of the Miocene period there was probably 
in the region south of the ‘Parian Range’ a slow and grad- 
ual upheaval which brought the oceanic deposits above the 
level of the sea, during which process they suffered great 
denudation. The Gulf of Paria was then land, and Trinidad 
was then united to the mainland. At that time the river 
Guarapiche probably flowed across Trinidad from Venezuela, 
while the Orinoco continued to pour its waters into the ocean 
at some distance southward. The disruption of the ‘Parian 
Range’ and the formation of the Bocas and the Gulf of Paria 
followed. There are paleontological reasons for believing that 
this submergence did not take place until a late geological 
epoch.” 

"Foon this conclusion it is manifest that the Miocene period 
was one of frequent alternation of elevation and submergence, 
during which there were long periods when the different mem- 
bers of the formation were covered with tropical swamps 
having luxuriant vegetation, that are now represented by the 
great swamp at the east end of the island.. The buried vege ta- 
tion of these swamps has been converted into coal through 
Pliocene and recent times which has been distilled at low 
temperatures, probably initiated by fermentation within the 
mass of the coal itself, assisted by the water of thermal 
springs. 

Messrs. Wall and Sawkins discuss at length the phenomena 
peculiar to the lake and disagree with previous observers to 
such an extent that, after a careful examination of their paper 
I am forced to the conclusion that their study of the subject 
was extremely superficial. In illustration: they say of the 
“areas,” “the surface is frequently marked with ridges, espec- 
ially near the edges; these are due to the constant expansion 
and contraction which is supposed to occur.” A most singular 
explanation, resting on supposed phenomena that were neither 
observed nor proved theoretically. Although they quote Bis- 
choff,* it is only to prove a possible origin for the asphaltum 


* Bischoff, Chem. and Phys. Geol. (Cav. Soc. Ed.), i, 288, 290, 291. 
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by direct conversion from woody fiber, leaving entirely out of 
consideration the conclusions of this eminent author in refer- 
ence to the production of hydrogen sulphide, to which further 
reference will be made. It is, however, just to these authors 
to remark that the general knowledge of the world concerning 
bitumens and their origin has been vastly increased during the 
thirty-five years that have elapsed since they issued their report. 

Charles Kingsley and some others have written descriptions 
of the lake since 1860, but no new facts are stated by them.* 

During 1892 the Hon. W. P. Pierce, then United States 
Consul at Port of Spain, at the request of the department, 
made a very full and able report upon the asphalt of Trinidad.t+ 
The fullness with which all sources of information are made 
to lend their quota towards a general conclusion in regard to 
all possible aspects of this question, is of itself the best guar- 
antee, to any unprejudiced reader, of the eminent fairness of 
this report. Its appearance was almost immediately followed 
by another report made by Mr. Clifford Richardson, at that 
time Inspector of Asphalt and Cement for the District of 
Columbia.t 

This report of Mr. Richardson, while seemingly emanating 
from a wholly disinterested source, presents statements and 
conclusions in many respects quite different from those reached 
by Consul Pierce and previous observers. It was for the pur- 
pose of satisfying myself as to the facts, and also of studyin 
the occurrence of bitumen in Trinidad in the light of such 
observations as I had made in California and octane, that | 
lately made a trip to Trinidad and the Pitch Lake. 

On approaching Point La Brea from the northwest, the reef 
of asphaltum that forms a barrier around the point and against 
the sea, is plainly visible. Upon the point itself and jutting 
into the sea are what appear like low ledges of rock, which 
a nearer inspection proved to be masses of asphalt taken 
from village lots, that had been p led for shipment, but had 
been so long left in the tropical sun that they had melted and 
flowed into a solid homogeneous mass, that looked at a short 
distance off like ledges of slate. The piles, which were origi- 
nally about twenty-five feet in height, were not more than three 
feet thick. Near these masses were other piles of the same 
material, from which lighters were being loaded, and which 
had not remained in the sun long enough to melt. Many 
hundreds of tons were included in these masses, the original 
pieces of which had so far coalesced that the asphalt had to be 


‘again broken with a pick before removal. 


* A Christmas in the West Indies, London, 1879. 

+ Consular Reports, No. 145, Oct , 1892. 

¢ Reports of the operation of the Engineer Department of the District of 
Columbia, for the fiscal year ending June 30th, 1892, Washington, 1893. 
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Passing on shore and beyond these piles, the plant of the 
pitch lake concessionaires was encountered, in which the opera- 
tion of boiling a mixture of so-called land asphalt, the ordinary 
lake asphalt and the soft pitch from the center of the lake was 
going forward. The operation is conducted in kettles, resem- 
bling open sugar kettles, and is a very crude and simple opera- 
tion. Passing eastward, I next encountered a wide area 
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covered with asphalt, that had melted in the sun to a level 
surface perhaps two feet in depth. I was told that this asphalt 
was dug from a village lot, the ownership of which was in dis- 

ute; that originally the piles were at least twenty feet in 
eight, but while the owners disputed the piles melted in the 
sun. 
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Farther on I struck the road to the lake, which appeared to 
me exactly as Mr. Manross had described it forty years ago. 
The houses in the village were in the same condition 
described by Dr. Nugent in 1807. The slope leading up to 
the lake was in exactly the condition in which all previous 
observers had described it, as resembling a lava flow—a black 
glacier. The several points at which asphalt had been and 
was being excavated, showed in the most admirable manner 
that the movement of the asphalt down the slope and towards 
the sea is still in progress. Every excavation was in a short 
time partially refilled by a movement of the asphalt up from 
the bottom and in from the sides, the cavity in time becoming 
filled full to the level of the surrounding area. One illustra- 
tion of this fact was the spot from which the noted cargo of 
the Teneriffe was taken, every trace of former excavation hav- 
ing completely disappeared.* 

The Trinidad Bituminous Asphalt Company were excavat- 
ing a lot near the road, and had also recently uncovered a lot 
that had become almost completely refilled in a few months, 
after the removal of several thousand tons of asphalt. Farther 
up the slope the Trinidad Asphalt Company were taking out 
asphalt from lots on the Belle Vue estate. These lots, like 
most of the others, were covered with a dense tropical jungle, 
consisting of palms, sedges, canna and other plants, from three 
to ten feet in height. It did not need the testimony of Mr. 
Manross to show, that in all probability, fire had more than 
once consumed this mass of vegetation, producing a terrific 
heat, that had melted and converted into so-called “iron-pitch ” 
much of the surface of the pitch. The “iron pitch” is pres- 
ent in greater or less quantity, both within and without the 
‘ boundaries of the lake, wherever fire has consumed the vegeta- 
tion, and consists simply of melted pitch which has been 
heated so hot as to deprive it of its water and more volatile 
constituents, causing it to flow in streams, often to considerable 
distances. Below these melted masses the pitch lies in its 
normal and unaltered condition. 

It must, however, be constantly borne in mind, while read- 
ing the statements of different observers made on different 
occasions, that the lake and its principal overflow have pre- 
sented different phenomena at different periods. While it was 
evident at the time I visited the overflow that fire had swept 
over its surface, it was equally evident that it had for a long 
time been free from any such visitation. I have seen similar 
flood-plains of asphalt in California that had been on fire for 

*I was told by those who witnessed the digging of this cargo, that apparently 


no care was exercised in its selection. One gentleman declared that it was the 
dirtiest cargo of pitch ever sent from the island. 
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months, and others that had been burned some time previous 
to my visit to them. I can imagine that after such a fire the 
resemblance of the overflow of the lake to a “black glacier” 
would be much more pronounced than when covered with a 
rank growth of vegetation, as it now is. It is not, however, 
the surface that flows, covered as it is, by masses of coke, iron- 
pitch, vegetation and rubbish. The houses in La Brea now 
all rest on blocks. In this position they are much more stable 
than on posts, although anything resting upon the overflow is 
unstable. It is the cheese-pitch, full of water and containing 
more or less gas, buried beneath these surface accidents, that 
has flowed and still flows. 

Although a large amount of clay and vegetable débris fills 
the interstitial spaces of the rough surface of the asphalt, the 
vegetation is not confined to such surfaces, but seems to 
flourish equally well upon the bare pitch, the roots penetrat- 
ing the pitch without the slightest difficulty, except where it 
had been converted by melting into iron-pitch. There is also 
considerable coke where the fires have been hottest. All of 
these impurities are carefully excluded from the pitch that is 
mined, both for boiling and for shipment in the crude state, 
by all of the men employed by the different companies in 
extracting it. This selection is not difficult, as the appearance 
of the iron-pitch is very different, and the amount very small, 
as compared with the pure or cheese-pitch. 

Near the crest of the ascent to the lake the road divides, one 
branch passing to the left and south ascends over the rim of 
the basin of the lake, and skirting the lake for about a quarter 
of its cireumference passes over the hill to the southwest, as 
described by Mr. Manross. The right hand branch follows 
the flow of the pitch and enters upon the lake simply bya 
change of grade from a sharp ascent to a very slight inclina- 
tion upwards towards the center of the lake. I was particu- 
larly impressed with this fact, and took pains to verify my 
first impression upon a second visit, as it proved conclusively 
that, sstniiuiendiog the vast quantities of pitch that had 
been removed from the lake, there is still a movement out of 
the lake, glacier-like, down the slope to the sea. 

My first impression as I looked over the expanse of the lake 
was a surprise. I had expected a scene of desolation. Noth- 
ing could be further from the reality. In the center were the 
islets so often described. Within and around them a dark 
area resembled the muddy bottom of a pond from which the 
water had been drawn off, with here and there patches and 
intervening streams of water remaining. From the border of 
this dark center, the vegetation arose higher and higher around 
almost the entire circumference of the lake, until it reached a 
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border of palm trees from thirty to fifty feet high. As I 
looked over the lake I beheld on a vast scale the appearance of 
asphalt beds that I had many times seen in California. 

An examination of the borders of the lake showed that it 
oceupied a bowl-like depression in a truncated cone that rested 
against the side of a hill that rises above the lake to the south- 
west. Along the line of ascent that I had followed, the slope 
towards the northeast to the sea is very gradual. In other 
directions the ascent is abrupt, sometimes steep, especially 
toward the south. These slopes are covered with tropical 
jungles consisting of palms of various species, sedges, canna and 
wild vines. The border of this depression presents upon the in- 
side for the most part an escarpment of sand and clay, that has 
evidently been built up and afterwards broken down in many 
places by water. Wherever excavations have been made in 
the cone or the escarpment they show that the cone consists of 
both asphalt and earth. At a point on the south side, near 
where the road leaves the lake, the appearance of the surface 
indicates that the drainage of water from the lake was fre- 
quently in that direction to a considerable amount, notwith- 
standing numerous artificial drains lead out of the cireumfer- 
ence of the lake and the wide natural outlet down the slope to 
the sea. To the northwest towards the sea, a heavy stream of 
asphalt has overflowed to the sea, forming a barrier reef for a 
considerable distance. Asphalt has also overflowed to the 
south, and the general appearance of the escarpment seemed 
to indicate that at some remote period the basin now occupied 
by the lake had been filled some three feet higher than the 
present level of the lake. I looked in vain for any evidence 
that the mass within the lake had been recently depleted; but 
I am aware that observations at considerable intervals of time 
would be necessary to establish that fact, by referring the 
mean level of the lake to some fixed point by means of a very 
careful trigonometrical survey. 

A very careful study of the present appearance of the lake 
and its boundaries led me to believe that the suggestion of Mr. 
Richardson, that the lake occupies the crater of an old mud 
voleano, is correct, and that it has been built up of very 
unstable material, through contact of water issuing in large 
quantity from subterranean springs which has come in contact 
with strata identical with or resembling those described 
by Mr. Guppy.* Into this ascending current, resembling 


* Guppy says, (Quar. Jour. Geol. Soc., xlviii, 527, note) “When a piece of the 
foraminiferal rock is placed in water, it absorbs it rapidly and falls asunder, and 
the water which enters into union with it is given up only to evaporation. .. . 
From these properties it follows that the natural soil roads passing over these 
rocks become in the wet season the worst quagmires it is possible to imagine.” 
Of another bed, “In the presence of water this rock is the most incoherent of 
any I have ever met with. ... It falls into powder at the mere contact of 
water.” 
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a quicksand, was projected bitumen, at intervals in very large 
amounts, so that irruptions of mud have coincided with and 
alternated with irruptions of bitumen, the whole building up 
the cone and at times overflowing it, while the basin has 
gradually filled with bitumen to the exclusion of mud. 

It is, however, equally evident that for an indefinite period 
there has been an outflow of bitumen from the crater towards 
the sea, at La Brea, not over its rim, but through a crevice in 
its side; in fact through its broken down side; and that, not- 
withstanding the vast quantities of asphalt now being taken 
from the lake by the concessionaires, the movement is still out 
of the lake. 

Capt. Alexander, in 1832, spoke of the flow out of the lake 
as “immense.” Manross, in 1855, says, “this stream of pitch 
has been dug through in several places, averaging from 15 to 
18 feet in depth.” A well dug at one point on the slope of the 
overflow, was abandoned still in asphalt, at the depth of forty 
feet. Several village lots have been excavated to a depth of 
twenty feet, still in asphalt. The invariable reply of the 
negroes to the question, ‘“ Have you ever dug through the 
asphalt?” was, “No, sir.’ The conclusion that I reached on 
the ground is, that the asphalt flowing down the slope to the 
sea fills a ravine excavated by water, and that it is slowly mov- 
ing out of the lake with the pressure of the asphalt in the lake 
behind it. This conclusion is in harmony with the testimony 
of all of the observers above quoted for the last hundred 

year's. 

, Concerning the condition of, and appearance of, the pitch 
within the lake, I think it is quite certain from all the obser- 
vations above quoted that the pitch has gradually become 
harder and more stable during the last 106 years. I do not 
think that later observers have any right to question the verac- 
ity of those who have preceded them. Dr. Nugent says 
that in 1807, the center was so soft that it could be dipped up 
with a cup. Alexander describes it in 1832 as so unstable that 
the weight of a man produced a bowl-like depression to the 
depth of one’s shoulders and that the heat gradually increases 
as one walks off towards the middle with his shoes off. Man- 
ross 23 years later, says, “It may be that the material has 
become much harder since the first accounts of it were written ; 
but it is difficult to understand how the weight of a man can 
have displaced a mass of pitch equal to a ‘ great bowl’ as deep 
as the shoulders.” Kinwles 24 years later, is practically of 
the same opinion. At the time of my visit, a man was load- 
ing a cart near the center of the lake, and while they did not 
remain in one place long enough to secure a large load, there 
was no apparent danger of their being engulfed. 
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Yet it must not be assumed that the cosmical agencies that 
produced this deposit of bitumen have ceased to be active, or 
are even simply quiescent. Abundant evidence is to be found 
in the neighborhood and even within the lake itself, that such 
forees are still active. A few miles to the southwest of the 
lake, at Guapo, large springs of maltha or “liquid asphaltum ” 
are now flowing, and within the boundaries of the lake near 
the power station of the tramway, and within only a few rods 
of the edge of the cone, I observed what the workmen called 
(and very properly) a “blowhole.” This was a circular hole, 
about six inches in diameter, from which bitumen, more nearly 
fluid than any I saw elsewhere upon the island, had been 
ejected to the amount of perhaps a barrel. It was so soft as 
to flow readily, of a brilliant black color, and appeared to con- 
tain little, if any, mineral matter. I was told by a workman 
that such holes occurred quite frequently and so far apart “%s 
apparently to have no connection with each other. 

Asphalt beds occur in California that are the product of the 
hardening of maltha, or mineral tar, which escapes over a con- 
siderable area. Sometimes it flows continuously from a central 
orifice, but oftener the flow through the hot summer seems to 
be arrested by the lower, winter temperature, when the orifice 
through which the flow took place becomes plugged. The 
succeeding season the maltha issues along a line of less resist- 
ance and flows through the summer, when it in turn becomes 
plugged. These plugged orifices are often several rods apart 
for successive seasons, and present the appearance of a cica- 
trix. I have no doubt that more extended observations than I 
was able to give would reveal a similar condition of outflow at 
and in the vicinity of the lake. 

I carefully studied these phenomena as likely to offer some 
suggestion concerning the origin of the deposit. As a descrip- 
tion of the observed facts, I can add nothing to that of Mr. 
Manross. I do not understand why Messrs. Wall and Sawkins 
observed nothing of the sort described by him, or thought it 
not “very obvious to what force or what influence this is 
attributable.” These “areola” are very irregular in shape. 
I think their form may be, to some extent, determined by the 
weight of water pressing against their sides. The surface of 
each one is slightly rounded from the center to the edge of the 
water; they then round off at a very sharp angle, finally 
descending almost perpendicularly. These areas consist of 
pitch inflated with gas to such an extent, that when broken 
into, the structure exactly resembles an over fermented cheese 
—hence the term “cheese-pitch.” The cavities are from one 
to three or more inches in dimensions. The gas that they con- 
tain is constantly rising to the surface, where it bubbles out 
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and bursts, thus forcing the center up and causing a slow but 
irresistible movement from the center towards the circumfer- 
ence, where the pitch continually rolls under, exactly as Man- 
ross has described it. His suggestions concerning the ebullition 
of the mass within the lake were confirmed to the very letter. 

This action is explainable in this wise: Mr. Richardson’s 
analysis of asphalt water shows it to be very rich in sul- 
phates. As has been elsewhere shown, sulphates, especially those 
of the alkalies, when in solution are decomposed, when the 
water containing them flows through strata impregnated with 
organic matter, into hydrogen sulphide and a carbonate of the 
oxide present. When hydrogen sulphide infiltrates strata con- 
taining carbonate of lime, gypsum is formed and sulphur 
deposited, or converted into free sulphuric acid.* 

he Miocene bituminous strata of Southern California are 
full of sulphur springs and numberless deposits of sulphur. 
One such deposit in the southern part of Kern County is sup- 
posed to contain several thousand tons of sulphur. 

The reaction between sulphates present in the lake water 
and the bitumen or other organic material of the formation, 
furnishes a ready explanation of the presence of hydrogen sul- 
seoage ; but I must confess that the odor of that gas was much 
ess apparent about the lake than I had been led to expect. 
Analysis will alone show what the gases are that inflate the 
asphalt, but of their presence in enormous volume, there can 
be no question. Ata rough estimate, I should say that from 
one-third to one-half the volume of the mass as it exists in the 
center of the lake, is gas. I also hazard the opinion that this 
gas makes the mass specifically lighter than water, else the 
tables described by Manross and Kingsley would not rise and 
spread on the surface of the water and further the masses of 
asphalt would coalesce, and the water would float upon the 
asphalt. Moreover it is without any doubt, that through this 
motion or ebullition which is produced, not by escape of vapor 
generated by heat, but by gases forced upward by their own 
specific gravity through a yielding mass, that the asphalt and 
mineral matter which forms the floors and sides of the crater, 
are mixed together until the asphalt is saturated; i. e. it 
reaches such a condition of plasticity and viscosity, that it will 
no longer absorb any more mineral matter in presence of water. 
I cannot account for the almost uniform character of the mix- 
ture of water, bitumen and mineral matter, on any other 


hypothesis. 
* Proc. Am. Philos. Soc., x, 445. Bischoff, Chem. and Phys. Geol., (Cav. Soc. 
Ed.) II. 28; Ibid., i, 15, 340. T. S. Hunt. Chem. and Geol. Essays, pp. 23, 87, 


99, 111. 
+ Mr. Richardson asserts that 90 per cent of the 80 per cent of insoluble min- 


eral matter in the pitch is silica. As a possible explanation of the presence of 
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Asphalt is very inert to changes of temperature. It is a 
very poor conductor cf heat, and even under a tropical sun, 
the daily surface changes of temperature and consequent 
expansions and contractions are wholly inadequate to ee 
conditions affecting such enormous masses of material as the 
crater contains. 

The frequent use of the term “volcanic” in connection 
with the supposed origin of this mass of bitumen is in my 
judgment misleading. With the term voleanic is usually asso- 
ciated streams of melted lava, scoria and pumice. The masses 
of porcellanite and jasper mentioned by all observers as found 
in the neighborhood of the lake, do not require for their origin 
any “subterranean fires.” It only requires that hot water, 
holding silica in solution under high pressure, shall percolate a 
bed of clay. The distillation of beds of lignite, requires noth- 
ing more. In one case the product is red or yellow jasper, in 
the other a deposit of bitumen. The less the pressure, the 
more dense will be the bitumen. Water will inevitably bring 
the bitumen to the surface, unless it is held down by impervi- 
ous strata. If the water accompanied by bitumen, encountered 
in its upward passage such strata, as have been described by 
Mr. Guppy, a mud voleano yielding bitumen would be the 
inevitable result. It appears to me that all of these conditions 
are present in and about the pitch lake. They are exactly the 
conditions that have produced enormous tar springs and asphalt 
beds in California, excepting that there the strata necessary to 
— mud volcanoes are wanting, but the porcellanites, the 

ot springs, the sulphur springs, and the bitumen, are all there, 
and in some localities on a seale that vies with Trinidad. 

I looked in vain for specimens of wood in process of trans- 
formation into asphalt. I enquired of many intelligent men, 
and others connected with mining the pitch, if they had ever 
seen such specimens; they invariably answered “no.” Two 
or three remarked that the wood never decayed in the pitch, 
that it came out as it went in. One man replied that, “if it 
went in rotten it came out rotten.” I saw in several excava- 
tions along the tramway masses of vegetable matter that 
appeared to have been converted into humus, and was told by 
the workmen that in time these masses would become incor- 
porated with the pitch. Such masses account for the organic 
matter in solution in the lake water, and also for the amor- 
phous organic matter not bitumen, observed by Mr. Richard- 
son. 
so much silica, I would suggest that the hot water that distilled the bitumen, 
might have held silica in solution, which has been precipitated within the pitch as 


it has cooled. The fact, if it be a fact, that so much silica exists in the pitch as 
hydrate, may account for the large amount of water held in the pitch. 
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The concessionaires of the lake, have recently put in opera- 
tion a tramway and pier by which the pitch can be very rapidly 
and easily removed from the lake to vessels lying at the pier. 
The tramway forms a loop, which ina general way may be 
said to pass just outside the circle of islets. (See map.) In 
building the tramway much of the vegetation on these islets 
has been destroyed. The laying of the tramway presented 
some peculiar engineering difficulties, that have been success- 
fully overcome. The islands float on the pitch, and I believe 
that they represent portions of the edge of the crater broken 
off during violent irruptions and placed in, and maintained 
in their relative positions through their relations to the 
various centers of ebullition into which the surface of the 
lake is divided. These islets, which largely consist of vegeta- 
ble matter, float, while logs of wood and palm-tree ties sink in 
the pitch ; it therefore occurred to Mr. Freeman, the engineer 
in charge of the work, to support his tramway on palm leaves, 
of which many specimens are twenty-five feet in length. This 
expedient has proved a complete success, not only upon the 
summits of the “aroela” but in crossing the crevices that 
separate them. The tramway furnishes a succession of admira- 
ble points from which to view the lake, as no difficulty is expe- 
rienced in walking upon the ties around the entire loop. The 
cars are run in groups of four, which when loaded have a gross 
weight of about six thousand pounds. I carefully watched the 
passage of successive groups of these cars and could not 
observe any change of level in the road bed, as they passed 
along; yet I am quite certain if a group had been allowed to 
stand for several hours, that both tramway and cars would have 
sunk in the pitch. 

The pitch is excavated along this tramway upon the sum- 
mits of the “areola.” Wherever the surface of the pitch is 
broken, the vesicles are uniformly smaller as the pitch is taken 
from points removed from the center of the lake. As the 
water dries out, the vesicles collapse and the color changes from 
brown to bluish black. If left long enough in the sun, any of 
the pitch, no matter from what spot it may be taken, will first 
melt upon the surface and finally flow into a more or less com- 
pact mass. The pitch being dug by the Trinidad Asphalt 
Company, both within and without the lake, was brown when 
freshly dug, changing to black on exposure. The same might 
be said of that dug farther down the slope from village lots by 
the Trinidad Bituminous Asphalt Company. It was quite evi- 
dent that as the pitch was taken from points farther and farther 
from the center of the lake it had been subjected to more and 
more pressure, the gas being forced out as a consequence, the 
vesicles made smaller and the specific gravity thereby increased. 
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There are enormous masses of pitch within the lake that could 
not in my opinion be distinguished by the eye, from the pitch 
taken from village lots by either of the companies before 
mentioned. Iam therefore quite at a loss to determine why 
Mr. Richardson alleges such a specific distinction between 
what he is pleased to term “lake” and “land” asphalt. It 
appears to me to be a distinction withort a difference. 

For further facts concerning the commercial and economic 
relations of Trinidad Asphalt, the reader is referred to the 
report of Consul Pierce, which I believe to be one of the most 
complete and impartial of all the valuable consular reports 
issued by the State Department. 

It was my intention to include in this paper some statistics 
regarding the enormous amount of asphaltum of different 
varieties shipped from La Brea since January Ist, 1890. 

When a friend applied to the custom house in Port of Spain 
for an official statement, he reported that such information had 
been refused, on the ground that such a statement would make 
public private interests, inasmuch as the Trinidad Asphalt 
Company had shipped several cargoes of “land pitch” to the 
United States since that date. 

By referring to the maps the reader can clearly distinguish 
the relative positions of the lake and the adjacent portions of 
the island. 

University of Michigan, Ann Arbor, Michigan, April 15th, 1895. 


Art. V.—The Determination of Selenious Acid by Potassium 
Permanganate; by F. A. Goocu and C. F. CLEMmons. 


[Contributions from the Kent Chemical Laboratory of Yale College—XL.] 


THE fact that sulphurous and tellurous acids may be oxidized 
quantitatively by a sufficient excess of potassium permanganate 
suggests naturally the application of the same general method 
to the determination of selenious acid. It is the object of this 
paper to record the results of experiments in this direction. 

rauner* found that in the action of the permanganate upon 
tellurous acid, whether in a solution acidified with sulphuric 
acid or made alkaline by caustic soda, the reduction of the per- 
manganate does not proceed to the lowest degree of oxidation, 
the tellurous acid being unable to reduce the higher hydroxides 
of manganese which separate. In employing the reaction 
quantitatively it is necessary, therefore, to add the permanga- 
nate in distinct excess and then to destroy the surplus by means 


* Jour, Chem, Soc., 1891, p. 238, 
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of standard oxalic acid added to the solution acidified with sul- 

huric acid, subsequently determining the excess of oxalic acid 
in the warmed solution by addition of more permanganate. 
The difference between the amount of permanganate actually 
used and that required to oxidize the known amount of oxalic 
acid introduced should naturally be the measure of the tellu- 
rous acid acted upon. Brauner found, however, an error in 
the process, by no means inconsiderable, due to the decompo- 
sition of the permanganate outside the main reaction. In a 
subsequent paper from this laboratory* it was shown that if 
the precaution is taken to restrict the amount of sulphuric acid 
present in the solution when the permanganate acts the sec- 
ondary decomposition involving loss of unutilized oxygen is 
kept within narrow bounds. In our work upon the oxidation 
of selenious acid we have followed the. suggestions gained in 
the treatment of tellurous acid by Brauner’s method. 

The selenium dioxide which we employed was prepared from 
so-called pure selenium by dissolving the element in strong 
nitric acid, removing the nitric acid by evaporation, treating 
the aqueous solution with barium hydroxide to throw out any 
selenic acid formed in the oxidation, evaporating the solution 
to dryness, and subliming and re-subliming the residue in a 
current of dry air until the product was white. The oxide 
thus prepared was weighed out for individual experiments or 
was dissolved in a standard solution from which definite por- 
tions were drawn for use. 

In the first series of experiments, the results of which are 
recorded in Table I, the selenium dioxide was dissolved in 
100 cm* of water, 10 em® of sulphuric acid of half-strength 
were added, an approximately decinormal standardized solution 
of potassium permanganate was added until the characteristic 
color predominated over that of the brown hydroxide deposited 
during the oxidation, oxalic acid in solution of known strength 
was introduced until the excess of permanganate had been 
destroyed and the insoluble hydroxide dissolved, and, finally, 
after heating the solution to about 80° C., more of the perman- 
ganate was added to the color.reaction. The final volume 
varied from 250 cm* to 350 em’, so that the sulphuric acid 
(absolute) present varied from about five per cent at the start 
to from one and a half to two per cent at the end. 

When the permanganate is first introduced into the acidified 
solution the color vanishes, leaving a clear colorless liquid, but 
as more is added the solution becomes yellow and deepens 
gradually in color to a reddish brown, until turbidity due to 
the deposition of a brown hydroxide of manganese ensues, and 
finally the characteristic color of the permanganate is plainly 


* Gooch and Danner, this Journal, xliv, 301. 
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distinguishable. The exact point at which precipitation of the 
manganic hydroxide begins depends upon the dilution, acidity, 
and temperature of the solution. In experiments (1) and (2}, 
the permanganate was added to the cold solution at the first, 
but the liquid was heated after the addition of oxalic acid and 
before the final titration with the permanganate. The remain- 
ing determinations of the series were made in solutions kept 
hot throughout. 


TABLE I. 
[Se=79°1, O=16.] 
Oxygen Oxygen 
equivalent of equivalent of 
permanga- oxalic acid 
SeO,. taken. nate used. used. Se0, found. Error. 
grm. grm. grm. grm. grm. 


(1) 071000 0:03026 0°01571 071010 0°0010+ 
(2) 071002 0°03038 0°01578 071014 00012 + 
(3) 0°0997 0°02634 0 01182 071008 0°0011+ 
(4) 00999 0°02568 0°01122 0°1004 0°0005 + 
(5) 071000 0702536 001077 071012 0°0012 + 
(6) 071000 0°03226 0°01765 0°1015 0°0015 + 
7) 071001 0°04455 0°02992 11016 0°0015 + 
0°2001 0°05448 0°02543 0°2018 0°0017+ 
(9) 071997 0705219 0702318 0°2014 0°0017+ 
(10) 01997 0°05215 0°02318 0°2011 0°0014+ 
(11) 0°5178 0°13215 0°05721 0°5203 0°0025 + 
0°5197 0714105 0°06541 0°5252 0°0055 + 


An examination of these results develops the fact that the 
action proceeds regularly in the main under the conditions of 
experimentation, but that there is an apparent waste of per- 
manganate in the process. It was observed that the addition 
of a little permanganate beyond the exact amount necessary to 
produce the end-reaction occasioned the precipitation of man- 
ganese hydroxide, evidently, according to Guyard’s reaction, b 

interaction between the permanganate and the manganous sul- 
phate present. Plainly the amount of sulphuric acid present, 
which we kept purposely low to obviate the spontaneous 
decomposition of the permanganate, was not sufficient to pre- 
vent the ultimate formation of the hydroxide at the tempera- 
ture of action. The natural inference is that the difficulty in 
the determinations may have been due rather to an interference 
with the color reaction at the end of the oxidation process, due 
to the incipient tendency of the permanganate to act upon the 
manganous salt, than to direct loss of oxygen from the 
permanganate. If this is true, the obvious and simple remedy 
should be found in effecting the oxidation of the oxalic acid at 
the end of the process at a temperature so low that the inclina- 
tion of the permanganate and manganous sulphate to interact 
shall be diminished. Table II contains the record of experi- 
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ments in which this precaution was taken. The entire process 
of oxidation, which was otherwise similar to that of the previous 
experiments, was brought about between the temperature of 
75° C. at the beginning and 50° C., or even a little less, at the 
end. The end-reaction was in every case sharp and the final 
color was permanent for several minutes at the least. 


TABLE II, 
Oxygen Oxygen 
equivalent to equivalent to 
permanganate oxalic acid 


SeO. taken, used. used. found. Error. 
grm. grm. grm. grm. erm. 
(13) 0°1000 0°03506 0°02065 0°1001 0°0001 + 
(14) 0°1000 0°03419 0°02073 0°1004 0°0004 + 
(15) 0°1000 0°03706 0°02255 0°1007 0:0007 + 
(16) 0'1000 0°03853 0°02422 0°0994 0:0006 — 
(17) 0°1000 0°03512 0°02065 0°1005 0:0005 + 
(18) 0°2000 0°06124 0°03 256 0°1994 00006 — 
(19) 0°2011 0°06069 0°03177 0°2008 0°0003 — 
(20) 0°2004 0°06072 0°:03177 0°2010 0°0006 + 
(21) 02020 0°06083 0°03185 0°2012 0°0008 — 
(22) 0°2038 0°06106 0°03185 0°2028 


These results are evidently an improvement upon those of 
the first series of experiments, and are fairly satisfactory so far 
as concerns the estimation of the amounts of selenium dioxide 
discussed. The determination of large amounts of selenious 
acid by this method is somewhat less advantageous than it 
would be if the reduction of the permanganate proceeded far- 
ther in the first action. One hundred cubic centimeters of a 
standard solution is as much as can be conveniently handled in 
a single process of titration, and that volume of decinormal per- 
manganate (which is about as strong as the standard solution 
should be when accurate work is expected) is capable of oxi- 
dizing about 0°25" of selenium dioxide. 

The process which we recommend consists, in brief, in the 
addition of standard potassium permanganate to the solution 
of selenious acid containing not more than five per cent of its 
volume of strong sulphuric acid, the introduction of standard 
oxalic acid until the liquid clears, and the titration of the excess 
of oxalic acid by permanganate, at a temperature not much 
exceeding 50° or 60°C. The permanganate and the oxalic 
acid should be standardized under similar conditions of acidity 
and temperature, and for a standard of final reference we prefer 
pure crystallized ammonium oxalate. 

We have made experiments in which the initial oxidation of 
the selenious acid was made in alkaline solution, but inasmuch 
as the amount of permanganate required for the oxidation is 
about three times as great as that needed in the acid solution 
the treatment in alkaline solution is practically inferior. 
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Art. VI.—On some Reptilian Remains from the Triassic 
of Northern California; by JouHN C. MERRIAM. 


ALTHOUGH the Mesozoic of California is remarkably devel- 
oped, both as regards thickness of section and richness of 
invertebrate faunas, it has so far appeared singularly barren of 
those characteristic and often abundant reptilian forms occurring 
in most Mesozoic rocks. Probably the only reptilian remains 
of this age found in California up to this time were collected 
in the summer of 1893 by Prof. Jas. Perrin Smith of Stanford 
University, in the Triassic of Shasta Co. Through the kind- 
ness of Prof. Smith it has recently been the writer’s privilege 
to examine these specimens and prepare the following note. 

The saurian remains, representing two individuals differing 
greatly in size, were found in the black Triassic limestone of 
Shasta Co., associated with a rich invertebrate fauna made up 
of such forms as Arcestes, Zrachyceras, Atractites, Aulaco- 
ceras and Tropites subbullatus, all characteristically Triassic. 
The more exact stratigraphic relations of the horizon as deter- 
mined by Prof. Smith place it in the upper portion of the 
Triassic. 

Both skeletons are very fragmentary and were so closely 
united with the matrix that in the case of the vertebrae success- 
ful preparation was almost impossible. The remains of the 
larger individual, consisting of eight consecutive vertebrae, a 
few fragments of ribs, and both coracoids, were imbedded in a 
loose slab about two feet square, and from the position of the 
parts present it might be inferred that they were in their 
natural relative positions. If this is the case the vertebre 
would belong to the anterior part of the dorsal or posterior 
part of the cervical region. The rib fragments next the 
vertebree and evidently belonging to them seem to be from the 
thorax. The vertebra, Fig. 1, which resemble very much 
those of Jehthyosaurus, were very deeply bi-concave, possessed 
separated neurapophyses resting on a distinct facet on either 
side of the deep neural groove, and supported rather heavy 
single headed ribs. The centra are much shortened antero- 
posteriorly, measuring 34-38™" long by 60" high and 70™™ 
broad. Those at the anterior end of the series are somewhat 
shorter than the others. The neurapophyses, as shown in the 
figure, were much thickened transversely by a broad rib run- 
ning from the upper to near the lower end of the process. 
Zygapophyses were preserved on only one spinal process and 
seemed in this case to be small and weak. The ribs differ 


* Journal of Geology, Vol. ii, No. 6, p. 607. 
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decidedly from those of Jchthyosaurus, articulating with one 
head only on the ample facets of the diapophyses and failing 
to show the external groove characteristic of many species of 
this genus. 


\ 


Fic. 1.—Anterior dorsal (?) vertebre of Shastasaurus pacificus gen. et sp. 
nov. One-third natural size. 


The strong and robust coracoids, one of which, Fig. 2, is per- 
fectly preserved, were proximally much thickened and deeply 
notched on the anterior side. That they met on the median 
line, is shown by the sudden straightening of the distal margin 
shown in the figure. Judging from the small size of the sur- 
face of articulation with the scapula this element was small. 
The articular surface for the humerus being exceptionally large, 
this bone, as well as the whole fore-limb, probably partook of 


Fig. 2.—Right coracoid of Shastasaurus pacificus from below. 
One-third natural size. 


the robust character common in the anterior limbs of Enaliosaurs. 
The coracoids differ markedly from those Wothosaurus, but 
approach the form of this element in some ichthyosaurian 
species. 
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Owing to paucity of material it is hardly possible to deter- 
mine with certainty the exact affinities of the species described 
above, so much, however, is certain, viz: that its systematic 
position falls within the limits of the old order, Znaliosauria,, 
which has perhaps not altogether outlived its usefulness. 
The majority of the characters, such as extreme shortness 
of centra, high degree of biconcavity of vertebrae, small 
zygapophyses, character of articulation of neurapophyses, and 
form of coracoid indicate ichthyosaurian affinities. Some of 
these characters, however, are also found occasionally in the 
Sauropterygia, while heavy, ungrooved, single headed ribs are 
characteristic of this order and do not occur in the /ehthyosauria. 
As no genus heretofore described contains this assemblage of 
characters the new generic and specific name Shastasaurus 
pacificus is proposed for this form. 

The second and smaller individual is represented by about 
twenty-five vertebrae, mostly anterior caudals. As the whole 
series measures only 200" long the animal was many times 
smaller than 8S. pacificus. In the characters of the vertebrae 
alone there is nothing which would separate this species from 
Ichthyosaurus, but an ungrooved, single headed rib belonging 
to the anterior or middle dorsal region indicates shastasaurian 
affinities. This specimen probably represents a form different 
from that described above, but the material at hand is insuffi- 
cient for specific characterization. 

University of California, Berkeley, May, 1895. 
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Art. VII.—A further Contribution to our knowledge of the 
Laurentian ; by FRANK D. Adams. With Plates I and II. 


THE chief of the great protaxes of the North American 
Continent, having an area of about two million square miles, 
lies as is well known for the most part in the Dominion of 
Canada, and in it Logan distinguished two great systems or 
series of rocks—the Huronian and the Laurentian—the former 
being a distinctly clastic series, while the latter showed no 
undoubted clastic structure but consisted chiefly of gneisses of 
various kinds. He also found associated with these Laurentian 
gneisses in certain parts of the protaxis an abundance of quartz- 
ite and erystalline limestone, as well as much anorthosite and 
eventually divided the Laurentian into two parts, viz: the 
Upper Laurentian—consisting of the anorthosites (supposed to 
be stratified rocks), with some of the gneiss and crystalline 
limestone, and the Lower Laurentian consisting of the Gren- 
ville series, distinguished by the presence of numerous bands 
of crystalline limestone, quartzite, ete., resting upon the Fun- 
damental Gneiss. 

These two divisions, the Upper and Lower, were supposed 
to be unconformable. 

In a paper which appeared two years ago in the Neues Jahr- 
buch fiir Mineralogie,* under the title “‘ Ueber das Norian 
oder Ober-Laurentian von Canada,” it was shown from a study 
of all the areas of the so-called Upper Laurentian, that the 
rocks which had been assigned to it do not constitute an inde- 
pendent series, but that the anorthosites occur as a series of 
— intrusions, while the associated gneisses and crystalline 
imestones are merely portions of the Grenville Series or Fun- 
damental Gneiss as the case may be. 

In a paper which was recently presented to the Geological 
Society of America, moreover, Ells states it as his belief from a 
reéxamination of Logan’s typical area that the crystalline lime- 
stones of the Grenville Series are not concentrated at some 
four widely separated horizons as Logan supposed, but come in 
—: as interstratified bands, attaining their principal 

evelopment at the summit of the series. 

It appears, therefore, that what has been called the Lauren- 
tian in Canada consists of an underlying series of gneisses and 

ranites called the Fundamental Gneiss, much of which may 
e and probably is of igneous origin, and an overlying series of 
gneisses often differing from these in petrographical character, 
associated with crystalline limestones and quartzites, and known 
as the Grenville Series. 


* Beilage Band, viii, 1893. ~ 
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The areas occupied by the Grenville Series although of very 
considerable extent, being known to aggregate many thousand 
square miles, are probably small as compared with those under- 
lain by the Fundamental Gneiss. The relative distribution of 
the two series has not been ascertained except in a general way 
in the more easily accessible parts of the great Archean pro- 
taxis. The Grenville Series is known to occupy a large part 
of its southern margin between the city of Quebee and the 
Georgian Bay, while the discovery of crystalline limestone in 
the gneiss elsewhere at widely separated points, as for instance 
on the Hamilton river in Labrador, in the southern part of 
Baftin Land, on the Melville Peninsula and at the head of 
Chesterfield Inlet, makes it probable that other considerable 
areas will with the progress of geological exploration be found 
in the far north. Over the greater part of the protaxis, how- 
ever, the more monotonous development of the Fundamental 
Gneiss seems to prevail. 

In the present paper it is desired to present in a very con- 
densed form the chief results, more especially those bearing on 
the question of the origin of the series, of a somewhat extended 
study of the stratigraphical relations and petrography of a 
typical area of the Grenville Series containing subordinate 
masses of the Fundamental Gneiss and a number of anorthosite 
intrusions, which area lies immediately to the east of that 
examined by Logan and Ells and is continuous with it. The 
work was carried out for the Geological Survey of Canada and 
a detailed report on the area will appear shortly in the publica- 
tions of the Survey. I am indebted to Dr. Geo. M. Dawson, 
the Director of the Survey, for permission to reproduce the 
accompanying photograph. (Plate IT.) 

Stratigraphy.—The area in question is represented in the 
accompanying map (Plate I). Its general geographical position 
is indicated by the River St. Lawrence with the city of Montreal 
at the southeast corner. Lying at the edge of the Archean pro- 
taxis, the northwest portion of the map is occupied exclusively 
by the crystalline rocks in question, whose eroded surface is to 
the southeast covered up by the flat-lying Cambrian (Potsdam) 
sandstone. The area underlain by the crystalline rocks is 3,500 
square miles, of which about 1,000 square miles is anorthosite, 
of which there is one large development known as the Morin 
anorthosite and ten smaller masses. This Morin anorthosite 
area is rudely circular in form, but sends off a large arm to the 
southeast which passes under the Potsdam sandstone. It 
encloses detached masses of the gneiss often of considerable 
extent. There are also two intrusions of acid rocks, one of 
syenite in the southwest covering an area of thirty-six square 
miles and a much larger one of granite in the northeast, a por- 
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tion of which only is embraced within the limits of the map. 
The rest of the crystalline area is occupied by the Grenville 
Series with the exception of a subordinate area about Tremb- 
ling Mountain and possibly another to the west of St. Jerome, 
which are to be referred to the Fundamental Gneiss. The 
crystalline limestones of the Grenville Series are represented on 
the map. The distribution of these in the extreme southwest 
corner has been taken from Logan’s map, as this portion of the 
area has not been personally examined in detail. It will be 
observed that these limestones are cut off by the anorthosite 
intrusions. The various gneisses, quartzites and pyroxenic 
rocks making up the rest of the Laurentian have in the map 
been classed together, as it would be impossible to represent 
them separately on so small ascale. In one portion of the 
area, however, the township of Brandon, they have been sepa- 
rated and wiil be so represented on a map accompanying the 
report above mentioned. 

Desiring to maintain as objective an attitude as possible, the 
Grenville Series will not in the present paper be referred to as 
stratified or bedded; it may be safely stated however that the 
rocks composing it frequently alternate in well-defined bands, 
the whole series also exhibiting a well-defined foliation usually 
parallel to the banding. The serie: thus often has a decidedly 
stratified appearance similar to that presented by bedded sedi- 
mentary rocks. 

The direction of the strike where actually observed is, on 
the accompanying map, indicated by the short black dashes ; 
these are connected up by interrupted lines which serve to 
bring out the structure more distinctly. 

It will be seen that the whole area was, at a time long ante- 
dating the Potsdam, but subsequent to the intrusion of the 
anorthosite and granite, subjected to great pressure which 
induced a foliation not only in the banded gneisses but in por- 
tions of these intrusions also, as is — well seen in the 
eastern portion of the Morin anorthosite. It will also be 
noted that probably owing to a flattening of the eastern portion 
of this anorthosite mass in a north and south direction by this 
pressure, a certain movement of both gneiss and anorthosite 
along the line of contact has taken place, especially to the 
ares: Bias of Lac Ouareau, where the gneiss is seen to undergo 
an abrupt change in strike amounting to nearly ninety degrees 
along its contact with the anorthosite, while there is every- 
where a tendency for the strike to follow the outline of the 
large intrusions, the small intrusions being squeezed flat and 
foliated with the surrounding rocks. 

We have here then a marked example of the structural 
effects of pressure acting on a large Archean area. 
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The attitude of the various members of the complex to one 
another in the eastern portion of the area is seen in the section 
A-—B, which covers a distance of twenty-seven miles across the 
strike. The scale of the section is a true one, the angles of dip 
not being exaggerated, but it is double that of the map, thus 
enabling the structure to be more distinctly seen. The 
gneisses which on the west dip at angles of 40°, toward 
the east become nearly flat, often quite so, and these nearly 
flat gneisses extend to the north and east far beyond the 
limits of the map, underlying an area of several thousand 
square miles and often presenting low quaquaversal dips sug- 
gesting most forcibly a thin crust buoyed up by some semi- 
fluid or plastic material below. This is probably a great bath- 
olitic granite mass of which the Brandon granite is a portion 
laid there by erosion. 

Throughout this area of flat-lying rocks, the gneisses with 
their interstratified limestones and quartzites are as highly 
erystalline as in the most highly contorted districts and have 
evidently undergone an extensive stretching or rolling out, 
resulting in the tearing apart of the less plastic bands with the 
flowing of the material of the more plastic bands into the 
spaces between the separated fragments. ‘This is.also very 
noticeable about the eastern border of the Morin anorthosite 
where the movement along the contact above referred to has 
taken place. The appearance presented by the horizontally 
banded rocks of this area when seen in section is shown in the 
accompanying plate (II), reproduced from a photograph of a cliff 
which bounds the valley of the Black River at a point about 
two miles northwest of St. Jean de Matha, and about three 
miles southwest of the township of Brandon, the rocks here 
consisting of bands of garnetiferous quartzite and garnetifer- 
ous quartzose gneiss, with some bands of very rusty weather- 
ing gneiss to be more particularly described further on. 

Owing to the fact that investigations in recent years have 
shown, that while foliation is almost invariably the result of 
pressure even banding may in some cases be induced in massive 
rocks by this agency, the banded character of these rocks can 
no longer be considered as such indubitable evidence of origi- 
nal stratification as it has been hitherto regarded by some 
writers. It is conceivable that a complicated series of igneous 
rocks intruded through one another in the form of a net work 
of dikes and larger eruptive masses, or a series of eruptive 
masses in which irregularities in composition have been pro- 
duced by the processes at work during the cooling of molten 
magmas, which processes have recently attracted so much 
attention, if subjected to enormous movements, rolled out very 
thin as it were, might develop an apparently bedded structure. 
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In view, however, of the continuously banded character of these 
rocks over very wide areas and the well-defined character of 
the individual bands this is an extreme supposition and one 
which as will be shown is rendered yet more untenable by the 
chemical composition and structure of the rocks themselves. 
The fact, moreover, that in the movements induced by pressure 
and resulting in the foliation of the complex, the more basic 
and less plastic bands are continually observed to be torn apart 
and resolved into a series of disconnected fragments, shows 
that if the banding was produced by pressure in the first case, 
subsequent pressure acting in the same direction tended to 
destroy it. 

Petrography.—Our knowledge of the petrography of this 
area is based on careful studies in the field, as well as upon a 
careful microscopical study of one hundred and sixty typical 
specimens representing so far as possible all varieties of the 
rocks occurring in the district. 

It is found that the rocks fall into four classes : 


1, Anorthosites and granites, of igneous origin. 

2. Augen gneisses, leaf gneisses, granulites and foliated 
northosites, genetically connected with the last group and 
largely if not exclusively of igneous origin also. The structure 
characteristic of this class is the cataclastic or granulated struc- 
ture, formed by the mechanical breaking down of the web of 
the rock under movements induced by great pressure, which 
movements produce in the rock a foliation more or less distinct 
according to their intensity. By leaf gneisses are understood 
very finely foliated gneisses very rich in orthoclase and contain- 
ing numerous thin leaves of quartz—they are usually almost free 
from iron-magnesia constituents. 

3. A series of crystalline limestones and quartzites, together 
with certain gneisses usually found associated with them, and 
which are probably wholly or in part of sedimentary origin. In 
these rocks the granulated structure is very subordinate or 
entirely absent. They are characterised by a very extensive 
recrystallization with the development of new minerals, they also 
differ from the rocks of classes 1 and 2 in chemical composition. 

4, Pyroxene gneisses, pyroxene granulites, and allied rocks 
whose origin is as yet doubtful. 


It appears, therefore, that the great pressure which has 
squeezed and foliated these rocks has acted in two ways, it has 
granulated one class and recrystallized another. 

The granulated rocks of class 2 are prevailing poor in iron- 
magnesia constituents, being composed either of plagioclase on 
the one hand or of quartz and orthoclase on the other, that is to 
say being either granulated anorthosites, or granulated granites 
poor in mica or hornblende. These sometimes occur as inde- 
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pendent masses but elsewhere are found forming the peri- 
pheral parts of great intrusions of anorthosite or granite where 
the pressure is most intense. In these latter cases there can 
be no doubt concerning their origin, as all possible gradations 
are seen from the massive to the perfectly foliated rock. The 
progress and extent of this granulation is excellently brought 
out in thin sections of these rocks by polarized light. An 
extended description of the action of this pressure and the 
effects produced by it is, however, beyond the scope of the 
present paper. In the massive uncrushed anorthosite, the 
twinning of the plagioclase is well seen and there are no 
pressure effects. The structure is that of an ordinary plutonic 
rock. In the anorthosite near the edge of the mass, however, 
the web of the rock is seen to be breaking down. The 
broken crystal fragments have moved over one another, 
little areas and strings of plagioclase grains derived from the 
breaking down of the larger individuals are seen between and 
about the latter. The structure is distinctly cataclastic. 

In the distinctly foliated anorthosite from the periphery of 
the area, the rock is seen to be in an advanced stage of granu- 
lation, uncrushed remnants of plagioclase more or less numer- 
ous however still remaining. These possess irregular jagged 
edges and show well-marked strain shadows. Little fragments 
of plagioclase can be seen in the very act of being separated 
from the parent mass. Lines of broken material often run 
through the length of large remnants, in this way dividing 
them longitudinally into two parts, one of which then moves 
over the other. Two remnants or cores are thus produced and 
a much greater surface is presented to the action of the granu- 
lating forces which continue to act until all the remnants have 
been destroyed and a uniform mass of white granulated plagio- 
clase results, resembling an appearance of saccharoidal marble. 
The whole rock thus moves under the pressure like so much 
dough, its continuity being nevertheless perfectly maintained. 
This foliated anorthosite has in fact been selected on account 
of its toughness for the construction of the pavements of 
several of the streets in the city of Montreal near the wharves, 
which from the continued passage of heavy freight are sub- 
jected to especially intense wear. 

This structure is, I believe, the most widespread and import- 
ant one exhibited by the Archean rocks. It gives rise to 
Professor Heim’s “ Umformung ohne Bruch,” millions of little 
breaks taking the place of a few large ones, and it is by this 
process that granites, and many gneisses and other crystalline 
rocks when deeply buried, under great pressure and probably 
very hot, move and accommodate themselves to strains. This 
it will be observed is quite distinct and different from the 


¥ 
q 


64 Adams—Contribution to our knowledge of the Laurentian. 


shearing accompanied by the development of new minerals, 
which takes place under other conditions and probably nearer 
the surface. 

The third class of rocks referred to as forming part of the 
Laurentian consists of crystalline limestones, quartzites and a 
set of peculiar gneisses, all intimately associated and usually 
interbanded. The limestones are thoroughly crystalline, more 
or less pure granular marbles, which ror | presenting many 
features of a special interest need not here be further referred 
to. They are in all respects similar to those described by 
various writers in other Laurentian districts.* The quartzites 
which have been examined are entirely crystalline, nothing has 
been detected in them which distinctly proves them to be of 
elastic origin. Professor Rosenbusch, however, believes that 
the specimens from one locality present structures which indi- 
cate that the rock was originally a sandstone. 

The gneisses which are as a general rule intimately asso- 
ciated with the limestones and quartzites are quite different 
from those of the second class just described. They are almost 
always highly garnetiferous and frequently consist essentially 
of garnet and sillimanite. Quartz and orthoclase are present 
in subordinate amount. Some of them contain pyroxene, 
scapolite and other minerals. A very rusty weathering gneiss, 
containing in some cases nearly five per cent of pyrite, is asso- 
ciated in a particularly intimate manner with the limestones, 
often in very thin bands showing wonderful contortions pre- 
cisely like those described by Dr. Kemp in the Adirondack 
region,t and by other writers elsewhere in the Laurentian of 
Canada. 

These gneisses show no granulated structure, the minerals 
constituting them have crystallized under the influence of the 
pressure which has granulated the gneisses of class 2 and are 
not in any marked manner deformed by it. Furthermore 
these rocks are generally well banded ; this structure being fre- 
quently much more pronounced than the foliation, and graphite, 
which does not occur in the igneous granulated gneises of 
class 2, is very frequently present and is often abundant. As 
localities where these rocks are well seen, the northern part of 
the township of Rawdon, the township of Cathcart and the 
district about St. Jean de Matha may be instanced. 

When any granite or granitic rock is for long periods ex- 
posed to a process of gradual decay there results finally a mass 
of kaolin, often mixed with more or less chloritie material, 


* Logan, Geology of Canada, p. 24, etc.; Hunt, Laurentian Limestones of North 
America, Rep. Geol. Survey of Canada, 1863-66; Kemp, Bull. Geol. Soc. of 
America, 1895, 
¢ Loe. cit. 
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holding the quartz of the original rocks as grains scattered 
thickly through it. When sorted by the action of moving 
water it gives rise to beds of sand and clay. The chemical 
processes at work during this process of decay consist in the 
more or less complete removal of the alkalies of the feldspar, 
and of the decomposition of the iron magnesia constituents 
with the loss of a large proportion of the lime as compared 
with the magnesia. On comparing the analyses of a series of 
granites with those of a series of slates, as for instance those 
given in Roth’s “Gesteins Analyzen,” the latter are seen to be 
on an average considerably higher in alumina and much lower 
in alkalies, while at the same time they are lower in silica, 
which has been separated both as sand and in combination 
with the alkalies which have gone into solution, and in most 
cases contain more magnesia than lime instead of more lime 
than magnesia, as is usual in granites. 

The average percentage of alkalies in the thirty-seven an- 
alyses of granites from various parts of the world given by 
Roth in his work above mentioned is 7°35 per cent, while 
twenty-three primitive clay slates (Urthonschiefer) contain on 
an average only 4°70 per cent and twenty-five slates of Silurian 
age 4°82 per cent of alkalies. The slates thus contain on an 
average about two-thirds of the amount of alkali present in 
the average granite. A typical slate is thus distinctly different 
in chemical composition from an ordinary granite, although 
sediments having an intermediate composition are frequently 
produced by the disintegration of grenite without complete 
decay giving rise to rocks such as arxose, grauwacke, felds- 
pathic sandstones and so on. 

It seemed probable therefore that some evidence as to the 
origin of these apparently sedimentary gneisses might be 
obtained from a study of their chemical composition. Four 
typical representatives of these gneisses were accordingly 
selected and analyzed, as well as one of the gneisses of class 2 
known to be of igneous origin. These analyses are given in 
the accompanying tables, together with analyses of three slates 
and of a granite, for purposes of comparison. Analyses Nos. 
II, V, VII and VIII were made for me by Mr. Walter C. 
Adams of this University and analysis No. I was made by Mr. 
Nevil N. Evans, Lecturer in Chemistry in McGill University. 
To both gentlemen I desire to odiandiadags my great indebted- 
ness. 


I. Gneiss from St. Jean de Matha Province of Quebec. A fine 
grained garnetiferous sillimanite Gneiss containing also 
much quartz and orthoclase. Graphite and pyrite are also 
present, the latter causing gneiss to weather to a very rusty 
color. It occurs in thick bands interstratified with white 
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garnetiferous quartzite, the whole lying nearly flat and form- 

ing a southerly continuation of the series of horizontally 

banded gneisses shown in the accompanying photograph. 

II. Gneiss from the west shore of Trembling Lake, Province of 
Quebec. A fine grained dark gray gneiss composed of quartz 
and orthoclase with much biotite and containing numerous 
little white streaks which were evidently at one time con- 
tinuous little bands. These are composed of sillimanite. 
Garnets appear here and there in the darker portion of the 
rock. It occurs near a band of crystalline limestone which 
occupies the bed of Trembling Lake. 

III. An ordinary roofing slate from Wales. Analyzed by T. 
Sterry Hunt. (Phil. Mag., 1854, 237.) 

IV. A similar roofing slate of Cambrian age, from the large 
quarries in the township of Melbourne, in the southern por- 
tion of the Province of Quebec. Analyzed by T. Sterry 
Hunt. (Geology of Canada, 1863, p. 600.) 

VY. Gneiss from Darwin’s Falls near the village of Rawdon, Range 
V of the township of Rawdon, Province of Quebec. It is a 
highly quartzose garnetiferous gneiss and occurs in well 
defined bands interstratified with white quartzite, which is 
also often highly garnetiferous, the bands being from a few 
inches to several feet in thickness. 

VI. Red slate from near Tinzen in the district north of the Enga- 
dine, Switzerland. Highly siliceous, containing 9°12 per 
cent of silica as quartz. (Vom Rath, Z. d. G. G., 1857, 242.) 

VII. Gneiss, Lot 20, Range VII of the township of Rawdon. 

Gneiss composed essentially of malacolite, scapolite and 

orthoclase and holding a considerable amount of graphite 

and of pyrite. Weathers very rusty. Occurs in well 
defined bands interstratified with a grayish weathering gar- 


netiferous gneiss. 


The four gneisses I, II, V and VII, show no cataclastic 
structure, but when examined with a microscope seem to have 
undergone complete recrystallization under the pressure to 
which they have been subjected, no signs of crushing being 
now visible in the thin sections. 

The analyses show that the first three of these gneisses have 
the composition of slates. Nos. I and II have the composition 
of ordinary rooting slate, as will be seen by comparing these 
analyses with analyses III and IV and are quite different in 
composition from any igneous rock. The high content in 
alumina, the low percentage of alkalies and the great pre- 
ponderance of magnesia over lime, above mentioned as charac- 
teristic of slates will be noted. 

No. V is a gneiss which is so highly quartzose that it might 
almost be termed an impure quartzite and also has a —, 
tion differing from that of any igneous rock, but one which 
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is identical with many highly siliceous slates. No. VI is such 
a slate from the Engadine district in Switzerland and is as will 
be seen almost identical in composition with No. V. Siliceous 
bands from the Canadian slate quarries also have a similar 
composition. The alumina here is low on account of the pre- 

onderance of quartz which also lowers the contents of alka- 
ies. The magnesia preponderates over the lime as before. 
No. VI lost 192 per cent on ignition before analysis and these 
figures do not therefore appear in the analysis as given above. 


Il. IIL. rv. V. VI. VIL. 
GNEISss. GNEIss. SLATE. SLATE. GNEIss. SLATE. GNEISS. 

St. Jean de M. Trembling Lake. Wales. Melbourne. Rawdon. Tinzen. Rawdon. 

57°66 60°59 6420 74°70 79°97 54°89 
22°83 19°70 16°80 8°83 8°62 
9°64 6°63 1°35 
7°83 4°23 


. “12 73 


a 1°81 3°56 2°20 3°94 1°87 1°52 4°70 
‘79 “60 2°20 3°07 64 1°95 
2°50 5°72 3°18 3°26 "95 2°30 8°34 


. of 2+ 3°42 


100°77 


99°65 99°08 100°44 100°00 


Total alkalies. 3°29 6°33 1°37 2°94 


VILL. Ix, 


GNEISS. GRANITE. 

Trembling Mt., Carlingford. 
69°24 70°48 
14°85 14°24 


2° 3°72 


1°48 


40 
4°30 3°66 


Total alkalies .......... 


The fourth of these gneisses, No. VII, differs entirely from 
the others. The low content of alumina, combined with low 
silica, the high alkalies and the preponderance of lime over 
magnesia mark it off as quite distinct from the slates and 
gneisses just considered. If it be an altered sediment it is one 
which has suffered very little leaching during deposition and 
must have been of the nature of a tufaceous deposit, or one 
formed from the rapid disintegration of an igneous rock hav- 
ing the composition of a basic trachyte or syenite. It is there- 


* Water. + Water and graphite (by difference). 


4 
Weed. trace. trace. 62 
CoO 1°07 “16 5°63 
1°05 (2°76) 
10°29 
Fe,0, 
“45 
99°56 99°83 
863 7°92 
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fore a rock, which so far as its composition is concerned, might 
be either an altered sediment or an altered igneous rock, and it 
is impossible therefore to draw from its chemical composition 
any definite conclusions as to its origin. 

Many other gneisses including some in the Grenville Series, 
especially those of class II, have undoubtedly the composition 
of igneous rocks. Asanexample of these, Logan’s typical Funda- 
mental gneiss from Trembling Mountain was selected. An 
analysis of it is given under No. VIII. It forms almost the 
entire mass of Trembling Mountain, a long ridge rising on the 
east side of Trembling Lake to a height of 2500 feet and form- 
ing the highest point in the Laurentians in this part of Canada. 
It is a rather fine-grained gneiss, uniform in character and is 
under the microscope plainly seen to be a crushed or granulated 
hornblende granite. The analysis shows it to possess a chem- 
ical composition quite different from that of the other gneisses 
and slates just described. The silica is high but the alumina 
comparatively low. The alkalies are also high, the percentage 
being that which is commonly found in granite, while the lime 
preponderates largely over the magnesia. The analyses of the 
granite from the Carlingford District in Ireland by Haughton 
(IX) will serve to emphasize this identity. 

In the cases of those gneisses then, Nos. I, II, V and VII, 
whose stratigraphical relations and microscopical character sug- 
gest a sedimentary origin, the first three have the composition 
of slates, that is to say of clay; in the case of No. V of clay 
mixed with sand, while in the case of No. VII no definite con- 
clusion can be drawn. 

No. VIII on the other hand, which from its stratigraphical 
relations and microscopical character can be recognized as a 
crushed granite, has an entirely different chemical composition 
and one which is identical with a normal granite. 

With regard to the rocks of class III therefore we find that: 
(1) The presence of numerous and heavy beds of limestone 
and quartzite. (2) Their prevailing banded character, accom- 
panied by a very extensive recrystallization. (3) The frequent 
occurrence of graphite in all rocks of the class, and (4) The 
fact that the gneisses of this class have in many cases at least 
the composition not of igneous rocks but of sands and muds— 
combined to make it extremely probable that we have, in the 
case of many of these rocks at least, extremely altered forms 
of very ancient sediments. 

The Fourth Class, composed of pyroxene gneisses and 
pyroxene granulites, comprises a set of rocks which are very 
abundant in this particular area and occur associated with both 
of the other classes of gneissic rocks. Lehmann* from his 


* Enstehung der altkrystallinischen Schiefergesteine, pp. 230-236. 
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studies of the Saxon Granulit-Gebirge was led to believe that 
certain of the Saxon rocks which closely resemble some mem- 
bers of this class, represent altered sediments, on account of 
their resemblance to certain contact products. Further study, 
however, is needed before any very definite conclusions can be 
arrived at concerning these members of the Laurentian in 
Canada. 

It may be said, therefore, without going beyond that which 
the facts warrant, that there are in the district under considera- 
tion at least two distinct sets of foliated rocks. One of these 
comprising limestone, quartzites and certain garnetiferous or 
sillimanite gneisses, represent in all probability highly altered 
and extremely ancient sediments. The other set intimately 
associated with these are of igneous origin, and comprise 
numerous and very extensive intrusions both acid and basie in 
character which were probably injected at widely separated 
times. Those masses which were first intruded and have been 
subjected to all the subsequent squeezing and metamorphism 
are now represented by well defined and apparently interstrati- 
fied augen-gneisses and granulites, others intruded ‘at later 
periods though showing the effects of pressure retain more or 
less of their massive character, while still others, which as has 
been shown, have been injected since all movements ceased, 
are recognized by all as undoubted igneous intrusions. Further- 
more the limestones, quartzites and sedimentary gneisses above 
mentioned are in this area distributed through the Gren- 
ville Series, being met with in various parts of the district, 
occurring at what appear to be various horizons and are sepa- 
rated by gneisses of igneous origin or by great bodies of 
pyroxenic or other gneisses whose origin is yet doubtful, the 
whole being so intimately associated that it has been found 
impossible in most cases to separate them in mapping. 

The Grenville Series therefore comprises certain primeval 
sediments which have been deeply buried, invaded by great 
masses of igneous rocks and recrystallized. They may per- 
haps in some cases have been mingled with these igneous 
masses by actual fusion. The whole complex has also been 
subjected to great dynamic movements. In this way has 
resulted a series of rocks whose original character cannot in all 
eases be deciphered, but which can be recognized as being 
of composite origin, the sedimentary portion representing 
extremely old if not the oldest sediments with which we are 
acquainted. 

McGill University, Montreal. 
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I. CHEMISTRY AND PuysIcs. 


1. Correction to the paper on Argon, Prout’s Hypothesis and 
the Periodic Law; by Epwix A. Hitt. (Communicated.)— 
The author of the above paper, published in the May number, 
desires to call attention to an unintentional omission for which he 
is responsible. On page 408, reference is made to “Lord Ray- 
leigh’s paper” and on p. 416 it is stated that ‘ Lord Rayleigh has 
shown that at 13° C. water absorbs 4 per cent of its volume of 
argon, etc.” In both cases no reference is made to the name of 
Professor Ramsay, who shared with Lord Rayleigh the joint 
authorship of the important papers referred to as well as the 
experimental work upon which they are based. This omission 
was unintentional and was indeed noticed before the paper was 
actually printed although too late to correct the proof. The 
scientific world appreciates so well the very important work of 
Professor Ramsay as co-laborer with Lord Rayleigh in this mem- 
orable research that this correction may seem to some unneces- 
sary, but the author feels that it is due to himself that he should 
not fail to make it. 

Two other corrections should also be made in the same article : 
In the note to page 414, 2d paragraph, for “ silent discharge” 
read “electric spark” and on page 408, line 15, for “ force of 
gravitation” read “ forces of attraction.” 

2. Porosity of solid bodies for the Light Ether.—Znanver 
describes an interference apparatus by means of which he has 
endeavored to detect movements of the ether in connection with 
movements of surrounding bodies. The work was undertaken 
to test the following hypotheses of Fizeau, that either the ether 
adheres to the molecules of bodies and shares their movements ; 
or that it is free and is not influenced by such movements; or 
that only a portion of the ether is free and that another portion 
is bound to the molecules of bodies and moves with them. 
Zehnder’s apparatus consisted of an air-tight receptacle connected 
with long tubes through which light can be sent and suitably 
refracted and reflected in order to produce interference bands. 
By means of a moving piston the air in the tube can be set in 
motion and a change in the interference bands can be noted. 
Afterward the entire apparatus is exhausted of air and again the 
piston is moved in order to set the ether in movement. No 
change however could be observed in the latter case, and Zehnder 
remarks upon the limits of porosity of iron for the light ether. 
Michelson’s experiments on the relative motion of the ether and 
the earth’s atmosphere are commented upon and are repeated 
with similar negative results. The author concludes that the 
relative motion between the earth and the enveloping ether, at 
the observing station in Freiberg, did not, attain the value of the 
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800th part of the velocity of the earth in its path.—Ann. der 
Physik und Chemie, 1895, No. 5, pp. 65-81. 3. @. 

3. Wave length of the Ultra Violet lines of Aluminium.—C, 
Rune has made a determination of the strong line of aluminium 
in the ultra violet by means of a Rowland concave grating of a 
meter radius. The whole apparatus was placed in an air-tight 
apparatus from which the air could be exhausted, and for the 
observed lines the following values were obtained : 


At 760™™ and 20° C... 1854°09 1862°20 1935°29 1989-90 
In vacuum ........... 1854°77 1862°81 1935°90 1990°57 
According to Cornu .. 1852°2 1860°2 1933°5 1988*1 


The author calls attention to the discrepancy between his results 
and those of Cornu.— Ann. der Physik und Chemie, 1895, No. 5, 
pp. 44-48. J. T. 
4. Electrical Resonance.—V. BserK«nxs has collected in a long 
and exhaustive paper the results of his experimental and mathe- 
matical study of the subject ; and he shows that for quantitative 
measurements of electric waves great regard must be paid to the 
following five conditions: (1) The time of vibration of the oscil- 
lator. (2) The time of vibration of the resonator. (3) The logarith- 
mic decrement of the oscillator. (4) The logarithmic decrement of 
the resonator. (5) The constant which measures the intensity of 
the vibrations. He shows that resonance phenomena are in gen- 
eral only suitable for quantitative measures when the mean value 
of the logarithmic decrement of the two conductors is smaller 
than 1. He indicates that quantitative measures with a spark 
micrometer are subject to error and that the electrometer method 
used by him is more suitable for the determination of the above 
five conditions. The student of Hertz effects will find this paper 
the best analysis of the conditions to be observed in performing 
experiments with Hertz apparatus which has appeared.—Anzn. 
der Physik und Chemie, No. 5, 1895, pp. 121-169. J. 7. 


II. GEoLoGy AND MINERALOGY. 


1. Geological Survey of Michigan; Luctus L, Husparp, State 
Geologist. Vol. V, Part I. Upper Peninsula; Iron and Copper 
Regions. Part II. Lower Peninsula; Deep Borings. Lansing, 
Mich., 1895. The first part is a Geological Report on the Upper 
Peninsula of Michigan, exhibiting the progress of work from 
1881 to 1884; Iron and Copper regions by C. RomIncer, pp. 
1-179, with a map and 2 geol. cross sections. Part II. The 
geology of Lower Michigan with reference to deep borings, 
edited from notes of C. E. Wright, late State Geologist, by 
Atrrep C. Lang, Assistant State Geologist, with an introduction 
on the origin of Salt, Gypsum and Petroleum by Luvctus L. 
Husparp, pp. i-xxiv, 1-100 and plates i-lxxiiii—These reports 
refer to investigations which were made between the years 1881- 
1888 and in part have been referred to in Dr. Wadsworth’s 
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annual reports to the Board published in 1892. The second 
report contains a careful compilation of the notes made by the 
late Mr. C. E. Wright, when state geologist, of the borings in 
various parts of the state; and the thickness and basin-like struc- 
ture of the whole paleozoic series of southern Michigan, from the 
Trenton upward, is graphically shown in the sections. The fol- 
lowing section and thicknesses are based chiefly upon borings at 
Jackson and Monroe. The names are those given to the forma- 
tions by the authors. 


Quaternary .......-......... 3-600 ft. 
304. + ) 
Jackson coal group -.-..------ 47, + | 
0-200. =Carboniferous. 
Grand Rapids group ...------ 305 + | 
Coldwater shales 667-1000 + 
Black bituminous shale - 62. = and 
Richmond ville or Berea sdst. - - 65 
Huron (15 ft.) or St. Clair black 

Dundee limestone ..-...------- 40-160. J 
Munroe beds.............. .--- 650-2000 
350 } =Silurian. 
100. 
420. 
? 


These measurements show a considerably greater thickness than 
has been given in previous estimates by either Winchell or 
Rominger, especially in the Coal Measures and the Upper Silurian 


strata, H. S. W. 

2. The Geological and Natural History Survey of Minnesota. 
N. H. Wincue t, State Geologist.—The following three reports 
of this survey have recently been received, viz: The Geology of 
Minnesota, vol. tii, part I of final report. Paleontology, by 
Leo Lesquereaux, Anthony Woodward, Benjamin W. Thomas, 
Charles Schuchert, Edward O. Ulrich, Newton H. Winchell, pp. 
t-levav, 1-474, 41 plates and 84 figures, Minneapolis, 1898. 

22d Annual Report for the year 1893, pp. 1-210, Minneapolis, 
1895, 23d Annual Report for the year 1894, pp. 1-255, Minne- 
apolis, 1895. 

Part I of the Paleontology was communicated to the Secretary 
of State in 1891, and the several chapters of which it is com- 
posed have already appeared as separate brochures, and may 
have been examined already by many of our readers. The pub- 
lication of these separate memoirs in this permanent form consti- 
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tutes a valuable contribution to the detailed paleontology of the 
upper Mississippi valley area. 

n the chapter on the Cretaceous Flora by Leo Lesquereaux, 
the author remarks upon the impossibility of explaining the sud- 
den appearance in the Dakota fauna of the rich dicotyledonous 
flora by any gradual modification of the ‘floras known from earlier 
epochs. ‘No species of the dicotyledonous series has as yet 
shown any such intermediate characters indicating by its infer- 
iority a degree of transition: nor has there been found in the 
series of lower divisions of plants occurring below any whose 
characters would indicate a tendency to a transition to a higher 
order.” The flora collected in this limited area from only three 
localities contains 28 species, only two of which are gymnosperms. 
And the dicotyledonous species are referable to 18 genera, and 
to the three great subdivisions of the dicotyledons ; the Apetalee, 
the Gamopetalew and the Dialapetalew. 

Cretaceous foraminifera are described by Messrs. WoopwarpD 
and Tuomas, the sponges, graptolites and corals of the Lower 
Silurian by Messrs. N. H. Wixcnett and Scuucuert, and the lar- 
ger part of the volume is devoted to “ Descriptions of the Lower 
Silurian Bryozoa” by E. O. Utricn, and the “ Lower Silurian Bra- 
chiopoda” by Messrs. N. H. Wrncuett and Cuas. Scuucnert. 
The annual reports contain, among other papers, a critical ex- 
amination of Dr. Williams’ discussion of the greenstone schists of 
the Menominee and Marquette region of Michigan (Bull. U. 8. 
G. 8. No. 62), by N. H. WincueE tt, who defends his previously 
expressed opinion “that the great bulk of the ‘ greenstones’ as 
an Archean terrane, ought to be classed as pyro-clastic, i. e., that 
they originated from eruptive agencies, as tuffs and all kinds of 
voleanic debris, sometimes very coarse and even distributed and 
somewhat stratified by the waters of the ocean into which the 
materials fell.” A preliminary report on the Rainy Lake gold 
region is given by H. V. Wincue it and U. 8S. Grant. WarRrEN 
Upuam gives in the latter report the evidence derived from the 
beaches of the various glacial lakes in the St. Lawrence basin; 
following a paper, in the previous report, in which occurs a detailed 
account of the glacial drift and morains of northeastern Minnesota. 

H. S. We 

3. Doctorate Theses in Geology.—Two theses by Americans 
studying geology in European universities have been received, 
viz: 

Die Klippen region von Iberg (Sihthal), von Dr. Epmunp C. 
QueEREAU aus Aurora, Ill., 4 geol. charts, 4 profile plates and 
13 zinkographs, pp. i-xi and 1-158, Bern, 1893.—This paper con- 
stitutes the 33d number of the Beitriige zur Geol. Karte der 
Schweiz. 

Beitriige zur Kenntniss der Gattung Oxyrhina mit besonderer 
Beriicksichtigung von Oxyrhina Mantelli Agassiz, (Palaeonto- 
graphica, Bd. xli, pp. 149-191, Taf. xvi—xvii, Stuttgart, 1894) von 
Cuas, R. Eastman, Assistant an dem Museum Comparative Zo- 
ology, Cambridge, Mass. 
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4. The Laccolitic Mountain Groups of Colorado, Utah and 
Arizona ; by 4 Wuitman Cross. 14th Ann. Rep. U. S. Geol. 
Surv. Washington, 1895, p. 157-241.—This work represents a 
general summation of the author’s studies extending over a period 
of years upon the Anthracite and Crested Beetle districts of 
Colorado, where the opportunities for the study of laccolites on an 
extended scale are especially fine. In doing so he has been led 
to a general study of the literature upon this subject and has col- 
lated all the facts bearing upon the occurence of these intruded 
masses of igneous rocks in the plateau region of Western 
America so far as known. 

The paper opens with a review of Gilbert’s work in the Henry 
Mts. and with a definite restatement and affirmation of the prin- 
ciples laid down by that investigator. Following this the work 
of the earlier geological explorers in this region, especially Holmes 
and Peale, is reviewed, and it is shown that many of the detached 
mountain groups visited by them are to be referred to this mode 
of origin. The author then presents in detail the result of his 
own studies in the field mentioned above, and concludes with a 
general statement of principles. 

Especially valuable are the results showing the asymmetric 
form of laccolites when intruded into strata already flexed and 
under compressive stresses or tensional strains or containing 
resistant masses of former intrusion. It is of interest also to note 
the extremely uniform type of rock in these occurrences over 
such a vast range of country. Mr. Cross shows also that a cer- 
tain type of rock structure is a nearly constant resultant of the 
= involved. It is impossible to say more of this work 

ere than that it is a very valuable contribution to general dynam- 
ical geology and the writer feels from his own experience that 
it will be of distinct service in solving many problems in connec- 
tion with the occurrence of igneous rock-masses. The paper is 
illustrated with many diagrams, sketches, photo-engravings and 
contains a geological map. L, Vv. P. 

5. A Petrographical sketch of Aegina and Methana; by H. S. 
Wasuincton. Journal of Geology (Chicago), vol. ii, No. 8, vol. 
iii, Nos. 1 and 2, 1895.—This paper contains a careful and detailed 
study of the igneous rocks occurring in a limited area in Greece. 
It is accompanied by a geological map and possesses many facts 
of interest to petrologists. It is especially valuable in being 
accompanied by a large number of excellent analyses which 
enable the author to discuss the region from a broad standpoint 
It thus possesses distinct features of 
general interest beyond those of petrographic detail. _L. v. P. 

6. Geologische und geographische Experimente ausgefiihrt mit 
Unterstiitzung der K. Akademie der Wissenschaften von Eb. 
Reyer. III, Heft, Rupturen. IV, Methoden und Apparate. 32 
pp. with 12 plates. Leipzig, 1894 (Wm. Engelmann),—The 
author continues in this small volume his earlier investigations 
and gives interesting results and conclusions drawn from them 
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in regard to ruptures of various kinds, volcanic cracks, faulting 
and soon. The methods and apparatus are briefly but clearly 
described, the text being illustrated by numerous figures. 

7. On a new locality for Xenotime, Monazite, etc., on Manhat- 
tan Island ; by Witu1amM Niven. (Communicated.)—The xeno- 
time crystal measured by Mr. H. 8S. Washington and announced 
by Mr. W. E. Hidden in this Journal for November, 1888 (vol. 
xxxvi) was found by the writer in a vacant lot at 175th street 
near 10th avenue, New York City, amongst loose blocks of mica 
schist and gneiss which had been dumped there some years before : 
the exact locality, therefore, remained in doubt. Recently, how- 
ever, while prospecting in the extensive excavations for the new 
speedway on the Harlem River I found a number of crystals of 
this interesting mineral in place, also monazite, titanite, epidote, 
beryl, menaccanite and others. 

Prof. A, C. Gill of Cornell University has determined the xeno- 
time by measurement of the angles, finding that they agree to 
within 1’ with those given by Mr. Washington in Mr. Hidden’s 
article, one crystal showing a very narrow pyramid of the 
second order P «(101) in addition to the forms P(111), « P(110) 
and 3P3(311) which were identified by Mr. Washington. This 
face Po (101) is new to New York xenotime, although observed 
elsewhere. The most interesting crystal showed an abnormal 
development along the vertical axis producing a prismatic form 
like that common in zircon, while in close proximity to it was a 
crystal of the ordinary habit. The monazites were usually found 
in close association with the xenotimes. All were well defined 
crystals, and one was exactly of the habit shown in figure 2, page 
750, Dana’s System of Mineralogy, sixth edition, as occurring at 
Watertown, Conn. 

The titanites have a remarkable resemblance to those from 
Tyrol and were usually about 12™™ in size, one crystal measured 
fully 40™" and some fragments were transparent. <A surface of 
the schist over 20°" by 28° in size showed more than 40 yellow- 
ish green crystals. 

The xenotimes and monazites were mostly embedded in oligo- 
clase near a coarse granite vein at 185th street and Harlem River 
and were associated with menaccanite, while the titanite and 
epidote occur ina chloritic mica schist at 167th street and Harlem 
River. My thanks are due to Prof. A. C. Gill for identifying and 
measuring the crystals. 

8. Brief notices of some recently described minerals,—Lawson- 
ITE, named after Prof. A. C. Lawson, is a new rock-forming 
mineral described by F. Leslie Ransome, from the crystalline 
schist of the Tiburon Peninsula, Marin County, California; also 
occurring in larger crystals embedded in a micaceous mineral de- 
termined as margarite in veins in the schist. It forms crystals of 
prismatic habit belonging to the orthorhombic system : prismatic 
angle 67° 16’; cleavage perfect parallel to 2 and less so parallel 
to ¢; crystals colorless to pale blue ; hardness about 8 ; specific 
gravity 3°084. An analysis gave: 
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SiO, Al,03 CaO MgO Na,O H,O 
38°10 28°88 0°85 18°26 0°23 0°65 11°42 = 98°39 


This yields the formula H,Ca Ai,Si,O,,; a possible relation to 
carpholite is suggested.— Bull. Dept. Geol., Univ. California, vol. 
i, No. 10. 

Etpipite.—A silicate of zirconium and sodium from Igaliko, 
Greenland, described by G, Lindstrém, It occurs in fine fibrous 
forms with silky luster ; the color varies from white to yellowish 
white and light brick-colored; hardness about that of quartz; 
specific gravity 2°524 to 2594. Analysis gave: 

SiO. ZrO. K.0 FeO CaO H?0(100°) H.O(ign.) Cl 
59°44 20°48 10°41 0°13 0°14 0°17 3°89 5°72 CuO, TiO. tr=100°53 

The calculated formula is Na,O.ZrO,.6Si0,.3H,O.— Geol. For 
Forh., xvi, 330, 1394. 

LossENITE.—A new arsenate from Laurium, Greece. Des- 
cribed by L. Milch. It occurs in small red-brown crystals 
referred to the orthorhombic system and resembling scorodite in 
form. Analysis by Auerbach gave (after deducing gangue) 

As.0; SO; Fe.0; PbO H,O (comb.) H,O 
34°33 3°84 35°45 10°91 3°84 12°12 = 100°49 


For this the complex formula 2PbSO,.6(FeOH), As,O,. 27H,O 
is calculated.—Zeitschr. Kryst; xxiv, 100, 1894. 

Dierzeite.—A name proposed by Osann for the iodate and 

chromate of calcium occurring, as described by Dietze, with the 
calcium iodate, lautarite, at the Pampa del Toro, Chili (Zeitschr. 
Kryst., xix, 447, 1891 and Dana, Syst. Min., 1892, p. 1040). 
Osann describes monoclinic crystals. 
: Ursanite.—A name proposed by Sjégren for a so-called iron- 
schefferite analyzed by Mauzelius, trom Lingban, Sweden. Igel- 
strom later calls it lindesite and claims priority on insufficient 
grounds.— Geol. For. Forh., xiv, 251, 1892; Zeitschr. Kryst., 
xxiii, 590, 1894, 

MrivervitE.—A phosphate of aluminum occurring in seams in 
a calcium phosphate, a formation in the “Grotte de Minerve” on 
the shores of the river Cesse, Dept. Aude, France. The formula 
P.O, . Al,O, . 7H,O is deduced for it described by A. Gautier.— 
Bull. Soc. Min., xvii, 132, 1894. 

Wesnerite.—An argentiferous variety of zinckenite described 
by Stelzner from Oruro, Bolivia. It has been found in massive 
form only. An analysis by P. J. Mann gave: 


SS) Sb Pb Ag Cu Fe 
23°10 40°86 24°30 10°25 0°65 0 53=99°69 


This leads to the formula PbS. Sb,S, in which silver replaces 
lead, the ratio for Pb: Ag being about 5 : 2.—Zeitschr. Kryst., 
xxiv, 125, 1894. 

9. Note on a Garnet from California; by F. W. CrarKe. 
(Communicated.)—In March, 1895, I received trom W. J. Knowl- 
ton of Boston, for examination, a waterworn pebble found at 
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Eltoro, 40 miles south of Los Angeles, California, The specimen 
weighed 525 grams, was very compact, quite highly polished, 
and pale apple-green in color. In fact, it was supposed to be 
jade; and, so far as appearance was concerned, it fully justified 
the supposition. Believing it to be either nephrite or jadeite, I 
had an analysis of it made by Mr. George Steiger, in the U. S. 
Geological Survey laboratory, which showed it to be really 
grossularite garnet. The data are as follows: 


Alkalies 
P.O, 
Ignition 


Specific gravity, 3°485. The loss on ignition includes a trace 
of carbonic acid. On treating 0°2 gram of the powdered min- 
eral with hydrochloric acid, evaporating to dryness, and then 
redissolving, about 16 per cent of alumina and 20 per cent of 
lime went into solution. In this respect the specimen is there- 
fore somewhat unusual. But as a garnet simulating jade it is 
certainly interesting. 

10. Physikalische Krystallographie und Einleitung in die krys- 
tallographische Kenntniss der wichtigeren Substanzen von Pavut 
Grotu. Dritte vollstiindig neu bearbeitete Auflage. III Abthei- 
lung, pp. i-xvi, 529-783, Leipzig, 1895 (Wm. Engelmann).—This 
third part completes the revised edition of Professor Groth’s 
Physical Crystallography, already noticed on p. 74 of the last 
volume. It is devoted to a discussion of the methods of calcula- 
tion applied to crystals, and to the apparatus and methods of 
investigation in the departments of Crystallography and Physical - 
Mineralogy. ‘To those who are acquainted with the earlier edi- 
tions of the author’s work, it is unnecessary to say that these 
topics are treated with all "desirable completeness and clearness 
and that the most recent and important improvements in instru- 
ments are fully described. 
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Scientific Intelligence. 


III. Borany. 


1. Die natirlichen Pflanzenfamilien.—Recent numbers of this 
serial work bear the single name of Professor Engler, of Berlin. 
After the loss of Eichler, its founder, and of Prantl, a co-editor, 
the entire conduct of editing was entrusted to Professor Engler. 
He has not introduced any new elements into the work, and the 
collaborators pursue their specialties on the same lines as at first. 
The present installments contain Hippocastanacee, by F. Pax; 
Sapindacee, by L. Rapikorer; Sabiacew, by O. Warsure; 
Tamuaicacee, by F. Niepenzu; Cistacee, by K. Reicue; 
Bixacee, Winteranacee, (Canellacee,) by O. Warsure; Koe- 
berliniacew, by A. Enciter; Violacew, by K. Reicue and P. 
TavusBert. From this can be seen the wide range of contributions, 
and some idea can be gained from this of the immense difficulty 
of editorial supervision, in keeping everything within due limits 
of space and in proper proportion. Aside from the annoyance of 
having the installments appear in different parts of the field, a 
fact inseparable from the mode of preparation, the work has pro- 
gressed to the satisfaction of subscribers. The promises of the 

ublishers have been more than kept, especially as regards excel- 
ence and copiousness of the engravings and the high order of 
typographical execution. The English translation will be re- 
ceived with a hearty welcome. Gi G 

2. Familiar Flowers of Field and Garden, by F. ScuvyLer 
Matuews. New York, 1895. (D. Appleton & Co.)—The increas- 
ing number of popular works on various subjects in Natural History 
may be taken as an expression of an increasing interest in some 
phases of Zoology and Botany. Even the wretched text and 
misleading illustrations of a botanical work published during the 
past year, as a premium fora syndicate of newspapers, may be 
perhaps interpreted as an indication of a desire on the part of the 
public to gain information in regard to plants. Happily some of 
the recent popular works on Botany are of an entirely different 
character, being generally trustworthy and in good taste, 
although they may be rather unsatisfying on account of the 
limited scope. Among such useful works may be mentioned Mrs. 
Dana’s work, in which color is made to serve as an aid to the 
beginner in studying plants, and also the book which we have 

laced at the head of this notice. Mr. Mathews is an artist and 

as studied the plants around him chiefly from the point of view 
of an intelligent lover of form and color. His sketches, about 
two hundred, are spirited and faithful. The descriptions are 
sufficiently detailed to be helpful to one who is just entering 
on the study of flowers, and no serious mistakes are observable in 
any part of the book. The little treatise is attractively printed 


and is bound in flexible covers, of a size fitting it for the pocket. 
G. L, 
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TV. MIsScELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. The Cambridge Natural History, vol. tii. Molluses, by A. 
H. Cooke, pp. 1-460; figures 1-311; Brachiopoda, Part J, 
Recent Brachiopoda, by A. E. Surriey, pp. 461-488 ; Part LI, 
Paleontology of the Brachiopoda, by F. R. Rexp, pp. 489-512; 
figs. 312-334.—This is a fresh, modern, popular treatment of the 
interesting Natural History facts about Molluscs, well illustrated 
by figures, mostly original, taken from specimens in the Cam- 
bridge University Museum of Zoology. The subjects more fully 
illustrated are those of variation, abnormal forms and organs of 
sense and the dentition of Gastropods: there is also an interest- 
ing series of illustrations of characteristic species of the several 
land regions of distribution. The chief elaboration is regarding 
Gastropoda and Pelecypoda, the other groups of Mollusca and 
the Brachiopoda are little more than repetitions of such treat- 
ment as was given in the old Woodward’s “ Manual,” and later in 
Paul Fischer’s Conchyliologie. The character of the book is well 
indicated by the motto, quoted from “ Middlemarch,” placed on 
the inside of the title page. “Why, you might take to some 
light study: conchology, now ; I always think that must be a 
light study.” H. S. W. 

2. American Association for the Advancement of Science.— 
The preliminary announcement of the forty-fourth meeting of the 
American Association was issued May 20th. The meeting, as 
before stated (xlix, 327), is to be held at Springfield, Mass., from 
August 28 to Sept. 7. Full information is given in the circular 
in regard to all the special arrangements for railroad rates, local 
accommodation, excursions, etc.; the general program is also given 
for the sessions of the several sections under their respective vice- 
presidents with the subjects of the addresses by the latter. A 
list is added of the affiliated societies which will hold summer 
meetings in Springfield, as the Geological Society, Aug. 27 and 
28, the Chemical Society on the same dates, etc. The retiring 
president is Dr. Daniel G. Brinton of Media, Pa., and the presi- 
dent-elect Professor E. W. Morley of Cleveland. The address to 
be delivered Thursday evening, August 28, by Dr. Brinton will 
be upon “The Aims of Anthropology.” The citizens of Spring- 
field are making every effort to arrange for the entertainment of 
their visitors. Information on any points connected with the 
meeting may be obtained from Prof. F. W. Putnam, permanent 
secretary, Salem, Mass.; or in reference to local arrangements, 
from the local secretary, W. A. Webster, Springfield, Mass. 


OBITUARY. 


JoszerH GRANVILLE Norwoop, M.D.,L.L.D., died in Columbia, 
Mo., May 6, 1895. He was born in Woodford County, Ky., 
Dec. 20, 1807. He began life as a printer in Lexington, Ky., 
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then for a time he was connected with a commission house in 
Louisville, Ky. He next entered Transylvania College and 
applied himself to medicine and began to practice in Madison, 
Ind., in 1835. In 1836 he graduated in medicine. In 1840 he 
was Professor of Surgery in Madison Medical Institute. In 1843 
he was appointed Professor in the Medical Department of St. 
Louis University, which position he held until 1847, From 1847 
to 1851 he was Assistant Geologist with D. D. Owen on the 
Geological Survey of Wisconsin, lowa and Minnesota; his work 
being chiefly near Lake Superior. From 1851 to 1858 Dr. Nor- 
wood was State Geologist of Illinois, and from 1858 to 1860 
Assistant Geologist of Missouri. From 1860 to 1880 he was 
Professor in the University of Missouri. He held the chairs of 
Geology and Chemistry, also of Natural Science including 
Physics, Anatomy and Physiology, and for several years was 
Dean of the Medical College of the University. On account of 
ill health his active work with the University ceased in 1880, 
Since then his name has remained on the Catalogue as Emeritus 
Professor of Physics. Part of the time between 1861 and 1865 
the regular University exercises were suspended and the Univer- 
sity building was occupied by U. S. troops, but Dr. Norwood 
came to the building regularly and remained all day faithfully 
watching over the University property. 

For over 12 months previous to his death he suffered at times 
very much. But to the last his mind was clear and bright. He 
was devoted to his family, faithful to his friends, fearless in his 
views and yet was never known to speak unjustly of any one. 
His mind was strong, he possessed a gentle grace and a dignity 
that made all who knew him love and respect him. His scholar- 
ship was broad, he was accomplished in Natural Science and a 
thorough instructor and universally loved by his pupils. 

In 1847 Dr. Norwood described and figured the Macropeta- 
licthys rapheidolabis obtained by him from the Devonian of 
Indiana,—the first fossil fish described from the United States. 
In 1847 Dr. Norwood with D. D. Owen published a pamphlet on 
the geology of Central Kentucky with figures of thirteen car- 
boniferous fossils. In 1852 the Geol. Rep. of Wisconsin, Iowa, 
and Minnesota was published, a large quarto and included Dr. 
N.’s report of over 200 pages. In 1854 a Monograph of Productus, 
Chonetes and other fossils by Norwood and Pratten was pub- 
lished by the Academy of Sciences of Philadelphia. It included 
descriptions and figures of over thirty species of fossils. Before 
the close.of Norwood’s term as State Geologist of Illinois he had 
material on hand and about ready to print of 1000 or 1200 pages 
and the committee appointed by the legislature recommended 
its publication and also further appropriations. The committee 
reported Feb. 10, 1857. The committee further report a very 


large collection made by Norwood. 
G. B. 
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DR. BRANTS!, 


RHENISH MINERAL OFFICE, 


BONN ON THE RHINE, GERMANY. 
ESTABLISHED 1833. 


LARGE STOCK IN MINERALS, METEORITES AND FOSSILS 
Trial consignments will be sent to responsible persons with the privilege 
of examination ; specimens not retained must be returned, well packed, in 
good order, and at the expense and risk of the consignee, within two weeks 
after receipt. 
NEW CRYSTAL-MODELS IN WOOD. 

Collection of 56 models of distorted and pseudosymmetric forms of crystals, 
arranged by Professor Dr. Hirschwald. Average size, 2 inches. Price, $11.25. 

This collection contains single crystal-models well appropriate for study 
and practice. Since they show equivalent faces in disproportionate distance 
from the centre or present a pseudosymmetric character in the relations of 
the combination, the system can be determined only by means of the 
goniometer. 

Such instruments will be furnished at the rate of 65c. (5 goniometers, 
$2.75) ; the models having a size of about 2 inches, these instruments will 
allow an exactness in measuring of 1”. 

Collection of 396 models containing all the crystal-forms and combinations 
sketched in Professor P. Groth’s Lehrbuch der physikalischen Krystallographie 
(‘*3. Aufi., Leipzig, 1895”). Average size, 2 inches, price, $143.75. Aver- 
age size, 4 inches, price, $360.00. 


CRYSTAL-MODELS IN PASTE-BOARD. 

Collection of 280 models arranged by Professor Vrba. Average size, 6 to 
10 inches, price, $132.50. Single models will be sold at moderate prices as 
per special list. Being made in strong paste-board, impregnated with glue 
and varnished, the faces colored in dark-yellow, the edges in black, the 
models have a fair lustre and are of a high durability. 


THIN SECTIONS, 
For Microscopical investigation. 

A. Rocks. Collection of 100 Rhenish eruptive rocks and of the accom- 
panying tuffs with thin sections and an exact description by Dr. W. Bruhns. 
Price, $50.00. 

B. Minerals. Collection of 120 properly mounted sections of 59 mineral 
species, in elegant etui. Price, $45.00. 

Collection of 40 properly mounted sections of the most important rock- 
forming minerals, 22 species, in elegant etui. Price, $12.50. 

C. Fossils. Large general collection of 110 thin sections containing 10 
preparations each of Diatoms and Alge, fossil wood, Foraminifera, Sponges, 
Corals, Echinoderms, Worms, Bryozoa, Brachiopoda, Mollusks, Vertebrates. 
Price, $32.50. 

Single sections will be furnished at the rate of 25c. to 40c., according to 
the difficulty of manufacture. 

All preparations will be microscopically examined before sending; the 
correctness of the designation is therefore warranted. 


Crystal-models and thin-sections will be sent only on a positive order. 


New editions of the following lists have just come out and will be sent 
on demand: No. I. Minerals and plates of minerals for exhibiting optical 
phenomena, 6th edit. No. II. Fossils and General Geology, 3d edit. (illus- 
trated). No. Va. Collection of 396 crystal-models in wood. No, X. Contact- 


metamorphosis. 


Represented in the United States by Messrs. Eimer & Amend, 
205-211 Third Avenue, New York. 
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SYSTEMATIC COLLECTIONS. 

With unusual facilities for securing educational materials, it is proposed to take the lead in 
furnishing systematic collections for teaching MINERALOGY, GEOLOGY, and ZOOLOGY in 
Schools and Colleges. Individual Specimens also furnished. Catalogue sent on receipt of 6 cts. 
in postage stamps. 

RELIEF MAPS AND MODELS. 

Special attention given to Relief Maps. Send for circular describing Grand Caifion, Yosem- 
ite Valley, Yellowstone National Park, Mt. Shasta, Mt. Vesuvius, Kentucky, Massachusetts, 
New Jersey, Ete., Etc. Also model of the whole United States, with adjoining ocean bottoms, 
modeled on correct curvature. Many of these made especially tor Schools. New Relief Map ot 
Palestine, modeled for the Palestine Exploration Fund, now ready. 


LANTERN SLIDES. 
Series of Lantern Slides for class illustration in Geology, Physical Geography, Etc. 


METEORITES. 

A good price paid for meteorites of all kinds. New and undescribed ones especially desired. 

An extra price paid for the entire “tind” or “fall.” Meteorites also cut, polished and etched. 
WASHINGTON SCHOOL COLLECTIONS. 

These collections, decided upon after numerous conferences with teachers and experts con- 
nected with the U.S, Geological Survey and U. 8. National Museum, have just been introduced 
into the schools of Washington, and will be known as the Washington School Collections. It is 
safe to say that no collections of equal excellence have ever before been offered in this 
country at so low a price ($2 each). Send for circulars. 


EDWIN E. HOWELL, 612 17th St., N. W., Washington, D. C. 


FOURTH REVISED EDITION 


DANA’S MANUAL OF GEOLOGY 


Treating of the Principles of the Science with special reference to 
American Geological History. By James D. Dana, Yale University. 
Cloth, 1088 pages, over 1575 figures and two double-page maps. 


PRICE, $5.00, POSTPAID. 


Entirely rewritten, and reset in new type. Introduces new 
principles, new theories, and new facts relating to all depart- 
ments of the science. Much additional matter; improved 
arrangement; largely increased number of illustrations; all 
enhancing the value of the work. 


AMERICAN BOOK COMPANY, 


S06 Broadway, New York City. 
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CRYSTALLIZED WURTZITE FROM MISSOURI. 


A new find of small, hemimorphie crystals of this 
very rare, hexagonal Zine sulphide clustered on a 
stalactitic, radiated sphalerite. Curious, novel, 
instructive and ugly ; 50c. to $2.00. 


MOLYBDENITE CRYSTALS FROM 
CANADA. 

A large lot of good crystals of Molybdenite on a 
matrix of green pyroxene, also good loose crystals ; 
just received direct from the mines. In many of 
these specimens the crystals are stout and very 
sharp. 10c. to $5.00. 


XENOTIME AND MONAZITE FROM NEW YORK ISLAND. 
Sharp, brilliant, little loose crystals of Xenotime and Monazite from the 
new Harlem Speedway, New York City, 10c. to 50c. each. 


TOPAZ FROM UTAH. 
Just received ! A little lot of the finest crystals ever found, both on and 
off the matrix ; 25c. to $7.50. 


OPAL FROM WASHINGTON. 


Beautiful, greenish-yellow, transparent Opal in good-sized, polished speci- 
mens; a new find in the state of Washington ; 25c. to $3.50. 


MARTITE CRYSTALS FROM BRAZIL. 
Unusually large, loose crystals of Martite from Brazil, 25c. and 35c. each, 
also a lot of small crystals at four for 10c. 


MUSCOVITE IN FINE LOOSE CRYSTALS. 


Our North Carolina collector has sent us some most excellent, sharp, loose 
crystals of Muscovite from Lincoln Co., 10c. to 50e. Also some good loose 
crystals of Magnetite in octahedrons modified by the dodecahedron at 
5e. to 15e. 

RARE QUARTZ CRYSTALS. NEW DISCOVERIES. 

Several shipments each month are now coming to us from our own 
collector and others in Lincoln Co., North Carolina. Just as this goes off 
we have received one of the most interesting shipments ever secured, 
embracing a fine series of crystals, with their terminations etched off so as 
to give them the appearance of crystals with basal planes; also others with 
an interesting development of trapezohedrons and low rhombohedrons. The 
Lincoln Co. crystals are now recognized to possess even greater crystallo- 
graphic interest than the Alexander Co. crystals made famous by vom Rath. 
In addition to the great number of rare planes on some of the crystals, the 
etching on others is marvelously beautiful ; 10c. to $2.50. 


HEMATITE FROM NORTH CAROLINA. 
Our collector has worked this locality with a force of men some four 
weeks and we now have an interesting series of groups of brilliant crystals. 


25e. to $2.50. 
OTHER RECENT ADDITIONS. 

An unusually fine lot of Nova Scotia Zeolites and groups of yellow rhombs 
of Calcite ; a splendid collection of Hauerifes ; a number of excellent Sar- 
dinian Anglesites at very low prices; twin crystals of Glaucodot ; well 
developed Alexandrite crystals at $2.00 to $25.00; Griphite, the new phos- 
phate from So. Dakota, 25c. to $2.00 ; ete. 

New 124 pp. Catalogue, illustrated by 87 cuts, and describing every 
mineral, 25c. in paper, 50c. in cloth. 

New 44 pp. Price Lists, illustrated by 57 cuts, de. 

Bulletins and Circulars free. 


GEO. L. ENGLISH & CO., Mineralogists. 
64 East 12th St.. New York City. 
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